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PREFACE. 



No science is more generally interesting than 
that which explains the common phenomena of 
life. We see that salt and snow are both white, 
a rose red, leaves green, and the violet a deep 
purple ; bat how few persons ever ask the reason 
why ! We know that a flute produces a musical 
sound, and a cracked bell a discordant one — ^that 
fire is hot, ice cold, and a candle luminous — that 
water boils when subjected to heat, and freezes 
from cold ; but when a child looks up into our face 
and asks- us ^ why " — how many times is it silenced 
with a frown, or called ^'very foolish for asking 
such silly questions !" The object of the present 
book is to explain about 2000 of these questions, 
(which are often more easily asked than answered) 
in language so simple that a child mav understand 
it, yet not so childish as to offend the scientific. 
In order to secure the strictest accuracy in the 
answers, the most approved modern authors have 
been consulted, and each edition has been submitt<ed 
to the revision of gentlemen of acknowledged repu- 
tation for scientific attainments. Sincere thanks 
are due to the Rev. A. Bath Power, M. A., 
and to Robert James Mann, Esq.. M. R. C. S., of 
Buxton, for their most careful revisions of the 
whole book, for many excellent hints and useful 
additions. In conclusion, the almost unparalleled 
success of this little volume, of which 25,000 copies 
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have been printed, since the year 1848, is an in- 
controvertible proof of its acceptability ; and has 
induced the author to .spare neither labor nor ex- 
pense to render his " Guide to the Scientific Know- 
ledge of Things Familiar" instructive and amusing 
to the young, as well as to those of maturer life. 

To teachers of schools it may be advisable to 
state, that, as every question has been again and 
again submitted to a most rigid investigation, too 
material alterations will be made in future editions. 



A remarkable instance came before the author a few 
months since of the statement made in the early part of 
this preface. The conversation was about smoke — why it 
was black, and not white like the fine dust of ^lime. A 
little child who was present, asked, "Why is the kettle so 
black with smoke 1" Her papa answered, " Because it 
has been on the fire ;" " But" (urged the child) " what is 
the good of its being black 1" The gentleman replied, 
" Silly child — you ask very foolish questions — ^sit down 
and hold your tongue." He might have read pp. 186, 
and 186, and answered the child more discreetly. 



The American Publishers ofiler their revised edition 
of this useful book, in, full confidence that it will meet 
with an equal and universal acceptance both in families 
and schools, throughout this country. They believe it 
will be found to contain an amount of useful information 
never before collected in a shape so convenient for study, 
and so easy for reference. 
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PA»T I. 
HEAT. 

INTKODUCTION. 

Q. What is heat ? 

A. The sensation of warmth. 

Q. How is this sensation produced ? 

A. When we touch a substance hot- 
ter than ourselves, a subtile invisible 
stream flows from the hotter substancey 
and produces on our nerves the " sensa- 
tion of warmth." 

Q. What is that ^subtile invisible stream^* 
CALLED, which flows from the hotter substance ? 

A. Caloric. Caloric^ therefore, is 
the agent, which produces tlie sensation 
of warmth; but Heat is the sensation 
itself. 

Q. What are the four principal sources of 
heat? 

A. 1.— The Sun. 2.— Electricity. 
3. — Chemical Action ; and 4. — ^Mechan- 
ical Action. 

(!•) 9 
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Q. WTiat are the priridpal effects of heat ? 
A. Expansion, Liquefaction, Vapor- 
ization, and Ignition. 



CHAPTEK I. 

THE SUN. 

Q. What is the principal source of heat ? 
A. The Sun. 

Q. Wh7/ do BURNING GLASSES Set fire to sub- 
stances subinitted to their power ? 

A. Because, when the rays of the 

Sun pass through the burning* glass, they 

are bent toward one pointy called the 

" focus ;" in consequence of which, the 

light and heat at this point are very 

greatly increased. 

Q. Why is there a dark rim round this 
focus ? 

A. Because the rays of light are 
bent from the rim into the fociis; and, 
as the rim is deprived of these rays, it is 
darkened. 

Q. Are all the rays bent into one point ? 

A. Not quite all : ,and, therefore, the 
rim round the focus is not quite black, 
but only dim. 
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CHAPTER 11. 

ELEOTBIOITT.. 

Q. What is the second chirf source of heat f 
A. Electricity. 
Q. What%sjAQisT^mQ% 
A. Lightning is CLCCumvlated elec- 
tricity discharged /rom the clouds. 

Like that from a " Lejden jar." 
Q. Wha4 CAUSES the discharge of an electric 
cloud? 

A, When a cloud, ofoercharsed with 
electric fluid, approaches another which 
IS undercharged^ the fluid rushes from 
the former into the latter, till both con- 
tain the same quantity. 

N. B. It is generally supposed that there are two dif- 
ferent sorts of Electricity — one Yitreoas^ and the other 
Resinous.. 

Q. Is }here any other cause of lightning^ bc' 
sides the one just mentioned ? 

A. Yes ; sometimes mountains, trees, 
and steeples, will discharge the light- 
ning from a cloud floating near ; and 
sometimes electric fluid rushes out of the 
earth into the clouds. 

Q. What produces ELECTRICITY in the cuoVDst 

A. 1st — The evaporation from the 
earth^s surface ; 
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2dly — ^The chemical changes, which 
take place on the earth's surface ; and 

3dly — Currents of air of unequal 

temperature, which excite electricity by 

friction, as they pass by each other. 

Q. How HIGH a/re the lightning clouds 
from the earth ? 

A. Sometimes they are elevated 4 
or 5 miles high ; and sometimes actually 
touch the earth with one of their edges : 
but they are rarely discharged in a thun- 
der storm, when they are more than 
700 yards above the surface of the 
earth. * 

Q. How high a/re the cUmds generally ? 

A. In a fine day, the clouds are 
often 4 or 5 miles above our heads ; but 
the average height of the clouds is from 
li to 2 miles. 

Q. Why is lightning sometimes forked ? 

A. Because the lightning-cloud is a 
long way off; and the resistance of the 
air is so great, that the electrical cur- 
rent is diverted into a zig-zag course. 

Q. How does the resistance of the air make the 
lightning zig-zag f 

A. As the lightning condenses the 
air in the immediate advance of its path, 
it flies from side to side, in order to pass 
where there is the least resistance. 
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Q. Why aft there sometimes two flashes (f 
forked lightnirhg at the same moment f 

A. Because Tin very severe storms) 
the flash will divide into two or more 
parts ; each of which will assume the 
zig-zag form. 

Q. Why is the flash sometimes quite straight 7 
A. Because the lightning-cloud is 
near the earth ; and, as the flash meets 
with very little resistance, it is not 
diverted; (in other words) the flash is 
straight. 

Q. What is SHEET LIGHTNING ? ' 

A. Either the reflection of distant 
flashes not distinctly visible ; or else 
several flashes intermingled. 

Q. What OTHER form does lightniThg occasion- 
aUy assume ? 

A. Sometimes the flash is gkbyiar ; 
which is the most dangerous form of 
lightning. 

Q. What are those balls of fire, which 
sometimes fall to the earth in a thunder-storm ? 

A. Masses of explosive gas, formed 
in the air : they generally move more ^ 
slowly than lightning. 

Q. Why are balls of fire so very danger- 
ous? 

A. Because, when they fall, they 
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explode like a cannon ; and occasion 
much mischief. 

Q. Do these balls of fir^ ever run along the 
ground ? 

A. Yes ; sometimes they run a con- 
siderable way along the ground, and 
explode in a mass : 

At other times they sp/i^ into nume- 
rous smaller ballsj each of which explodes 
in a similar manner. 

Q. What MISCHIEF wiU these halls of fir9 
produce ? 

A. They will set houses and bams 
on fire ; and kill all cattle and human 
beings, which happen to be in their 
course. 

Q. Why does lightning sometimes kill men 
and beasts ? 

A. Because (when the electric cur- 
rent passes through a man or beast) it 
produces so molertt an action upon the 
nerves, that it destroys life. 

Q. When is a person struck dead by light- 
ning 1 

A. Only wheqhis body forms a part 

of the lightning's path ; i. e. when the 

electric fluid (in its way to the earth) 

actually passes through his body. 

Q. Why are men sojnetimes maimed by lighi- 
ning? 
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A. Because the electric fluid pro- 
duces an action upon the nerves suMcienl 
to injure them, but not to destroy afe. 

Q. What is thunder ? 

A. The noise made by the concussion 
of the air when it closes again, after it 
has been parted by the lig*htning flash. 

A pari of the noise is owing to ixxiAm physical and chem- 
ical changes produced in the air by the electric fluid. 

Q. Why does lightning part the air through 
which it passes ? it does not part a rod of iron. 

A. As iron is a conductor^ it allows 
the fluid to pass freely over it ; but air 
(being a non-conductor) resists its pas- 
sage. 

Q. Why is thunder sometimes one vast 

CRASH ? 

A. Because the lightning-cloud is 
near the earth; and as all the vibrations 
of the air (on which sound depends) 
reach the ear at the same moment, they 
seem like one vast sound, 

Q. Why is the peal sometimes an irregular, 
broken roar ? 

A. Because the lightning-cloud is a 
long way off*; and as soms of the vibra- 
tions of the air have much further to 
travel than others, they reach the ear at 
different times^ and produce a continuous 
sound. 
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Q. Which vibratioTis will be soonest heard f 

A. Tliose produced in the lowest por- 
tions of the air. 

Q. Why will those vibrations be heard first, 
which are made last ? 

A. Because the flash (which produces 
the sound) is almost instarUaneoiis, but 
sound takes a whole second of time to 
travel 380 yards. 

Q. J^ a Ihunder-cloud were 1900 yards off^ 
how hng would the peal last ? 

A. Five seconds : we shouldj/?rs^ hear 
the vibrations produced in those portions 
of the air contiguous to the earth ; then 
those more remote ; and it would be 5 
seconds before those vibrations reached 
us, which were made in the immediate 
vicinity oftlie cloud. 

380X6 = 1900. 
A popular method of telling how fkr the storm is off is 
this— Immediately you see the flash, put your hand upon 
your pulse, and count how many times it beats before jovl 
hear the thunder: if it beats 6 pulsations, the storm is 1 
mile off; if 12 pulsations, it is 2 miles off, and so on. 

Q. Why is the thunder sometimes like a deep 

GROWL ? 

A. Because the storm is far distant^ 
and the sound of the thunder indistinct. 

Q. Is not the sound of thunder affected by 
LOCAL circumstances f 

A. Yes-; the flatter the country, the 
more unbroken the peal Mountain 
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scenery breaks the peal, and makes it 
harsh and irregular. 

Q. WhcU is the catbst of rolling thunder ? 

A. The vibrations of air (having dxf* 
ferent kngths to travel) reach the ear at 
sv^a^essive intervals. 

The reverberation (or echo) amongst the mawiye clouds 
ctmtribntes in some measure to this effect. 

Q. Why is a flash cf lightning generally fot^ 
lowed hy pouring rain 1 

A. The flash produces a chang'e in 
the physical caruUtion of the air^ rendering 
it unable to hold so much water in solu- 
tion as it could before ; in consequence 
of which, a part is given oflF in heavy 
rain, 

Q. Why is a flash of lightning generally fol- 
lowed by a GUST op wind ? 

A. Because the physical condition of 
the mr is disturbed by the passage of the 
Ughtning, and wind is the result of this 
disturbance. 

Q. Why is there no thunder to what is called 

SUMMER LIGHTNING? 

A. Because the lightning-clouds are 
so far distant, that the sound of the thun- 
der is lost, before it reaches the ear. 

Q. Do THUNDER-BOLTS ever drop from the 
cUmds? 

A. No ; the notion of th/trnder-bolts 
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arises, either from the globular form 
which lightning sometimes assumes ; or 
else from the gaseous fire-balk^ which 
sometimes fall from the clouds. 

See page 13. 
Q. Why is the thunder often several momerUs 

AFTER the FLASH? 

A. Because it has a long way to 
come. Lightning travels nearly a mil- 
lion times faster than thunder ; if, there- 
fore, the thunder has a long way to come, 
it will not reach the earth, till a consi- 
derable time after the flash. 

" Q. Can we not tell the ni^Tii^C'E of a thunder- 
cloudj by (^serving the interval which elapses between 
the flash and the peal ? 

A. Yes ; the flash is instantaneous,^ 
but thunder will take a whole second of 
tims to travel 380 yards : hence, if the 
flash be 5 seconds before the thunder, 
the cloud is 1900 yards off*. (See note, 
p. 16.) 

i. e. 880X5 = 1900 yards. 
Q. What PLACES a/re most dangerous during 

a BTOEM ? 

A. It is very dangerous to be near a 
tree, or lofty building ; and also to be 
near a river, or any running water. 

* The speed of lightning is so great, that it would go 
480 times round the earth m one minute : whereas thun- 
der would go scaroely 18 miles in the same space of time. 
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Q, IVhp is ii dangerous to be near a trie, 

&r lofty building, during a thunder-sUyrm f 

A. Because a tall pointed object (like 
a tree or spire) will frequently discharge 
a lightning-cloud ; and if any one were 
standing near, the lightning might di- 
verge from the tree, and pass through 
the fluids of the human body. 

Q. How ean a tree or spire disoharoe a 
ligktning'clovd ? 

A. A lightning-cloud (floating over 
a plain) may be too far off to be dis- 
charged by it ; but, as a tree or spire 
would shorten this distance, it might*no 
longer be too far off* to be discharged. 

For example. If a lightnings-cloud were 700 yards 
above the earth, it would be too far off to be dtschar&;ed • 
but a tree or spire 60 yards high would make the cloud 
only 650 yards off a conductor ; in consequence of which, 
the cloud would be instantly discharged. 

Q. Is not AIR a conductor ofUgktning f 

A. No ; dry air is no^ a conductor of 

lightning. 

Q. WTiy wonld lightning fiy from a tree or 
spire, into a man standing r^eaar f 

A. Because the electric fluid (called 
lightning) always chooses for its path the 
best conductors ; and, if the human fluids 
proved the better conductor, would pass 
through the man standing near the tree, 
rather tlian down the tree itself. 



20 ELECTklClTY. 

There would be no danger if the tree or tpire were 
made of metal; because metal is a better conductor thaa 
the human fluids, 

Q. Does, lightning go through the inside^ or 
dovm the outside of a tree ? 

A. It runs down the outside of a tree ; 
but passes through the inside of a man, 

Q. Why does lightning pass down the outsidb 
of a tree ? 

, A. Because it always makes choice 
of the best conductors ; and the outside 
of a tree is a better conductor than the 
inside. 

Q. Why does lightning pass through the in- 
BIDE of a man ? 

A. Because the fluids of the human 
body make a better conductor than the 
skin ; therefore, lightning- passes through 
a man, and not down his skin. 

Q. Why is it dangerous to be near a deep 
RIVER, or any other running water ^ during a thun- 
der-storm f 

A. Because running water is a good 
conductor ; and lightning always takes 
in its course the he^ conductors, 

Q. Why is it dangerous for a man to be near 
WATER in a thunder-storm ? 

A. Because the height of a man may 
be sufficient to discharge a cloud : and 
(if there were no taller object nigh) the 
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ligfhtning mig^ht make the man its con- 
ductor to the water. 

See note on p. 19. • 

Q. Why is it dangerous to &ino church 
BELLS during a thunder-sUyrm f 

A. For two reasons : 1st — Because 
the steeple may discharge the lightning- 
cloud, merely from its lieiglit ; and 

2dly — As the swinging of the bells 
puts the air in motion^ it diminishes Its 
resistance to the electric fluid. 

Q. Why is it unsafe to rxtn or drive fast 
during a thunder-storm f 

A. Because it produces a current of 
air ; and, as air in motion affords less 
resistance to the flash, it is a better con- 
ductor than air in a state of rest. 

Q. What PARTS if a dwelling a/re most dan- 
gerous during a thunder-storm ? 

A. The fire-place, especially if the 
fire be lighted; the attics and cellar. It 
is also imprudent to sit close by the 
walls, to ring the bell, or to bar the shut- 
ters, during a thunder-storm. 

Q. Why is it dangerous to sit before a 
piRE during a thunder-storm ? 

A. Because the heated air and soot 
are conductors of lightning; especially 
when connected with such excellent 
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conductors as the stove, fender and fire- 
irons. 

Q. Whyja/re attics and cellars more dan- 
gerous in a thunder-storm^ than the middle story 
of a house ? 

A. Because lightning sometimes pass- 
es ^om the clouds to the earth, and some- 
times from the earth to the clouds ; in 
either cases the middle story would be 
the safer place. 

Q. When does lightning pass from the 

EARTH to the CLOUDS ? 

A, When the clouds are in a "nega- 
tive" state of electricity. 

Q. When does lightning pass prom the 

CLOUDS to the EARTH ? 

A. When the clouds are in a " posi- 
tive" state of electricity. 

Q. Whai is meant by the clouds being in a 
^^ positive state of electricity?^^ 

A. When the clouds contain more 
electric fluid than they generally do, they 
are said to be in a ^^ positive state of elec- 
tricity." 

Q. Whai is meant by the clouds being in a 
" negative state of electricity .?" 

A. When the clouds contain less 
electric fluid than they ought to do, they 
are said to be in a ^^ negative state of 
electricity." 
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Q. Does the flash proceed from a negative or 
POSITIVE body f 

A. Always from a positive body; 
that is, from one twer-charged with elec- 
tric fluid. 

It is generally thought that there are two sorts of elec- 
tricity, one called vitreous, corresponding to positive elec- 
tricity ; and the other called resinous, corresponding to 
negative electricity. 

Q. When lightning flashes from the earth to 
the clouds, what is the flfish called ? 

A. it is popularly called the "return- 
ing stroke ;" because the earth (being 
over-charged with electric fluid) returns 
the surplus quantity to th6 clouds. 

Q. Why is it dangerous to lean against a 
WALL during a thunder-storm ? 

A. Because the electric fluid will 
sometimes run down a waU ; and (as a 
man is a better conductor than a wall) 
would leave the waU^ and run down the 
man. 

Q. Why is it dangerous to ring a bell dur- 
ing a tkundtr-storm f 

A. Bell-wire is an exceUent conduc- 
tor; and (if a person were to touch the 
bell-handle) the electric fluid, passing 
down the wire, might run through his 
hand and injure it. 

Q. Why would the lightning run through a 
man touching a bell-handle f 
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A. Because the human body is a 
better conductor than the waU (between 
the bell-handle and the floor) ; and as 
lightning: always choos63S the best con- 
ductor for its path, it would ("in this case) 
pass through the man, and injure him. 

Q. Why is it dangerous to bar a shutter 
during a thunder-storm ? 

A. Because the iron shutter-bar is an 
excellent conductoi^ ; and the electric fluid 
might run from the bar through the per- 
son touching itj and injure him. 

Q. Why is it dangerous to be in a crowd 
during a thunder-storm? 

' A. For two reasons : 1st — Because 
a mass of people forms a better conductor 
than an individual ; and 

2dly — Because the vapor arising from 
a crowd increases its conducting power. 

Q. Why is a mass of bodies a better coriductof 
than a single body ? 

A. jGxcA living body is a conductor 
of electricity; and a connected mass of 
such conductors is more likely to be 
struck, than a single individual. 

Q. Why u the danger increased by the vapor 
which rises from a croud ? 

A. Because vapor is a conductor; 
and the more coruiuctors there are, the 
greater the danger will be. 
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Q. Why is a theatrs dangerous dwring a 

thwndeT'Storm f 

A. Because the (Towd^ and great vor 
por arising* from so many living bodies, 
render it an excellent conductor of ligM" 
fling, 

Q. Why is a TLOCK of sheep in greater dan' 
ger than a smaller number ? 

A. 1st — Because each sheep is a corkr 
ductor of lightning, and the conducting 
power of the Jlock is increased by its 
numbers: and 

2dly — The very vapor arising from a 
flock of sheep increases its conducting 
power^ and its danger. 

Q. Why is a herd of cattle in danger during 
a storm ? 

A. 1st — Because the number of living" 
bodies increases the conducting power 
of their animal fluids : and 

2dly — The very vapor arising from a 

herd increases its conducting power. 

Q. If a person he abroad in a thunder- storm^ 
what place is the safest ? 

A. Any place about 20 or 30 feet 
from some tall tree or building ; except 
it be near to running water. 

Q. Why wotUd it be safe to stand 20 or 30 ^ 
feet from some taU tree^ in a thunder-storm f 

A. Because the lightning would d- 
2 
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ways choose the tall tree as a conductor ; 
and we should not be sufficiently near 
the tree, for the lightning to diverge from 
it to lis, 

Q. If a person he in a carriage in a thun- 
der-storm, in what way can he travel most safely ? 

A. He should not lean against the 
carriage ; but sit upright, without touch- 
ing any of the four sides. 

Q. Why shotdd not a person lean against the 
carriage in a storm ? 

A. Because the electric fluid might 
run down the sides of the carriage ; and 
(if a person were leaning against them) 
would make choice of him for a conduct- 
or, and perhaps destroy life. 

Q, Ijfa person be in a house during a thun- 
der 'Storm^ what place is safest ? 

A. Any room in the middle story. 
The middle of the room is best ; espe- 
cially if you place yourself on a mat- 
tress, bed, or hearth-rug. 

Q. Why is the middle story of a house saf- 
est in a thunder-storm ? 

A. Because the fluid (if it struck the 
house at all) would be diffused among 
the several conductors of the upper part 
of the house, before it reached the mid- 
dle story ; in consequence of which, its 
force would be weakened. 
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Q. Why is the middle of the room more 8AFE 
than any other part ofit^ina thunder- storm ? 

A. Because the lightning" (if it struck 
the room at all) would come down the 
chimney, or walls of the room ; and, 
therefore, the further distant from these, 
the better. 

Q. Why is a mattress, bed, or hearth-rug 
a good security against injury from lightning f 

A. Because they are all non-conduct- 
ors ; and, as lightning always makes 
choice of the best conductors, it would 
not choose for its path such things as 
these. 

Q. Is it better to he wet or dry during a 
storm f 

A. To be xcet : if a person be in the 
open field, the best thing he can do, is 
to stand about 20 feet from some tree, 
and get completely drenched to t/ie skin. 

Q. Why is it better to be wet than dry ? 

A. Because wet clotftes form a better 
conductor than the fluids of our body ; 
and, therefore, lightning would pass 
down our wet clothes, without touching 
our body at oiL 

Q. What is the safest thing a person can do, 
to avoid injury from lightning? 

A. He should draw his bedstead 
into the middle of the room, commit 
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himself to the care of God, and go to 
bed ; remembering' that our Lord has 
said, " The very hairs of your head are 
all numbered." 

N. B. No great danger needs really to be apprehended 
from lightning, if you avoid taking your position near tall 
trees, spires, or other elevated objects. 

Q. What is a lightning-conductor ? 

A. A metal rod fixed in the earth, 
running" up the whole height of a build- 
ing, and rising in a poiht above it. 

Q. What metal is the best for this purpose ? 
A. Copper makes the best conductor. 

Q. Why is copper better than iron ? 

A. 1st — Because copper is a better 
conductor than iron : 

2dly — It is not so easily fused or 
melted: and 

3dly — It is not so much injured by 
weather. 

Q. Wha^ is the use of a lightning-conductor ? 

A. As metal is a most excellent con- 
ductor, lightning (^vhich makes choice 
of the best conductors) will run down a 
meted rod, rather than the walls of the 
building. 

Q. How FAR iviU the beneficial influence of a 
lightning-conductor ezteTid ? 

A. It will protect a space all round, 
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4 times the length of that part of the rod 
which rises above the building. 
Q. Give me an example. 

A. If the rod rise 2 feet above the 
house, it will protect the building for (at 
least) 8 feet all round. 

Q. JVhy are not lightning-conductors more 
generally used ? 

A. Because many accidents have 
arisen from conductors of defective con- 
struction. 

Q. How can ligJUnvng-coniduetors he produe* 
iive o/bakvlI 

A. If the rod be hrcken by weather 
or accident, the electric fluid (being 
obstructed in its path) will damage the 
building. 

Q. Is there any other evil to be apprehended 
from a lightning-rod ? 

A. Yes ; if the rod be not big enough 
to conduct the whole current to the earth, 
the lightning will fuse the metal, and 
injure the building. 

The condncting rod should be (at least) one inch in di« 
ameter. 

Q. How does LI6HTNINO sometimes knock 
DOWN HOUSES and churches f 

A. The steeple or chimney is first 
struck ; the lightning then darts to the 
iron bars and cramps, employed in the 
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building ; and (as it darts from bar to 
bar) shatters to atoms the bricks and 
stones which oppose its progress. 

Q. Can you tell me how St. Brides Church 
(London) was nearly destroyed by lightning^ abotU 
100 years ago ? 

A. The lightning first struck the 
metal vane, and ran down the rod ; it 
then darted to the iron cramps, employed 
to support the building ; and (as it flew 
from bar to bar) smashed the stones of 
the church which lay between. 

Q. Why did the lightning fly ahotU from 
place to place^ and 7U)t pass down in a straight 
course ? 

A. Because it always takes in its 
course the best conductors ; and will fly 
both right and left, in order to reach 
them. 

Q. Why does lightning turn milk sour ? 

A. Lightning causes the gases of th^ 
air (through which it passes) to combine, 
and thus produces a poison, called nit7ic 
acid ; some small portion of which, mix- 
ing with the milk, turns it sour.* 

* The air is composed of two gases, called oxygen and 
nitrogen, miaxd together, but not combined. Oxygen com- 
bined with nitrogen, produces five deadly poisons, viz.— 
nitrous oxide, nitric oxide, hyponitrous acid, nitrous acid, 
and nitric acid, according to the proportion of each gas in 
the combination. 
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N. B. Sometimes the mere heat of the air, during the 
stonn, turns milk sour. 

Q. What is the difference hetween ooubining 
iarkd MIXING ? 

A. When different ingredients are 
mingled together loithmU undergoing any 
chemical change^ they are said to be 
mixed ; but when the natural properties 
of each are altered by the unioUj then those 
ingredients are said to be combined. 

Q. Give me an example. 

A. Different colored sands (shaken to- 
gether in a bottle) will mix together, but 
not combine: but water poured on quick- 
lime, will combine with the lime, and not 
mix with it. 

Q. Why are different grains of sand said to 
he MIXED, when they are shaken together ? 

A. Because (though mingled togeth- 
er) the property of each grain remains 
the same as it was before, 

Q. Why is water, poured on lime, said tc 
COMBINE with it ? 

A. Because the properties of each 
are altered by the mixture ; the lime al- 
ters the character of the water, and the 
water that of the lime. 

Q. Do oxygen and nitrogen combine, or only 
MIX together, in common atmospheric air f 

A. They only mix together, as grains 
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of sand would do when shaken in a bot- 
tle. When oxygen and nitrogen comn 
bine, they do not constitute air, but acid 
poisons, (See note on p. 30.) 

Q. Whji does lightning turn beer sour, al- 
though contained in a close cask ? 

A. Because, if beer be new and the 
process of fermentation incomplete, light- 
ning will so accelerate the process, as to 
turn the sugar into acetic acid at once, 
without passing through the interme- 
diate state of alcohol. 

Q. Why is not old beer and strong porter 
made sour by lightning ? 

A. Beca4.ise the fermentation is more 
complete ; and, therefore, is less affected 
by electrical influence. 

Q. Why is metal sometimes fused by light' 
ning ? 

A. Because the dimension of the 
metal is too small to afford a path for the 
electric current. 

Q. Why does lightning purify the air 1 

A. For two reasons : 1st — Because 
the electric fluid produces " nitric acid" 
in its passage through the air : 

2dly — Because the agitation of the 
storm stirs up the air. 
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The " nitric acid " is produced bj the combirtatmi of 
flome portions of the oxygen and nitrogen of the air* 

Q. How does the production of nitric acid puri- 
fy the air ? 

A. Nitric acid acts very powerfully 
in destroying the exhcdations, which arise 
from putrid vegetable and animal matters. 

Q. Why is LIGHTNING more cammon in sum- 
mer and in autumn, than in spring and winter f 

A. Because the heat of summer and 
^\xi\imn ^voAyxc^s great evaporation ; and 
the conversion of water into vapor always 
developes electricity. 

Q. Why does a thunder-storm gen^roMy fol' 
low very dry weather ? 

A. Because dry air (being* a non- 
conductor) will not relieve the clouds of 
their electricity ; so the fluid accumulates, 
till the clouds are discharged in a storm. 

Q. Why does a thunder-storm rarely sue* 
ceed WET weather ? 

A. Because moist air or falling rain 
(being a conductor) carries down the 
electric fluid gradually and silently to 
the earth. 

Q. What is the general direction <^a thun- 
der-storm ? 



* The oxygen and nitrogen are not combined, bnt simply 
mixedj in the ordinary air; bnt lightning causes some 
porUons of the mixed elements to coiAine. See note, p. 30. 
2* 
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A. Either from east to west ; or from 
north to south. 

Q. Why is electricity excited hy friction ? 

A. Electricity, like heat, exists in all 
matter ; but is often in a latent state : 
friction disturbs it, and brings it into 
active operation. 

" Latent," see p. 37. 

Q. Why is a tree sometimes scorched by 
lightnings as if it had been set on fire ? 

A. Lightning scorches by its own 
positive heat, just the same as fire would. 

Q. Why is the bark of a tree often ripped 
quite off by a flash of lightning ? 

A. Because the latent heat of the 
tree (being very rapidly developed by 
the electric fluid) forces away the bark 
in its impetuosity to escape. 

Some part of this is probably due to the simple mechan- 
ical force of the lightning. 

Q. Why are boughs of trees broken off by 
lightning ? 

A. Because the mechanical force of 
lightning is very great; and, as the 
boughs of a tree are imperfect conduct- 
ors, they will often be broken off by this 
force. 

Q. Why is an electric shock felt most at the 
ELBOW joint? 

A. Because the path of the fluid is 
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obstructed by the joint ; and the shock 
(felt at the elbow) is caused by the fluid 
leaping fivm one bane to anotlw\ 

Q. Is eleclTicUy accompanied with any odor ? 

A. Yes ; near a large electrical ma- 
chine in good action, there is always a 
peculiar odor, resembling sulphur and 
phosphorus; this odor is called " Ozone." 

Pronounce o-zone, in two syllables. 

Q. Has this peculiar odor, called " Ozone," 
deen observed in thunder-storms ? 

A. Yes; sometimes the sulphurous 
odor prevails, and sometimes the phos- 
phoric. 

If the gaseous body disengaged by lightning, reaches tib 
in a amcentrated form,#the <^or is sitlphurous ; if in a 
dUuted form, it is phosphoric. 

Q. WTiat are pul'gurites ? 

A. Hollow tubes produced in sandy 
soils by the action of lightning. 

Q. How does lightning produce fulgurites ? 

A. When it enters the earth, it fuses 
the flinty matter of the soil into a vitre- 
ous (or glassy) substance, called a ful- 
gurite. 

Q. Does not lightning sometimes affect the 
character of iron aTuf steel T 

A. X es ; bars of iron and steel are 
sometimes rendered magnate by light- 
ning. 
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Q. Grwe me an instance of the magnetic efecti 
of lightning. 

A. Sometimes it will reverse the mag- 
netic needles of the electric telegraph, 
and sometimes destroy their magnetism 
altogether. 

Q. What is meaiU by the magnetic needles 
being reversed ? 

A. That part of the needle which 
ought to point toward the norths is made 
to point toward the soiUh ; and that part 
which ought to point south, is made to 
point toward the north. 

Q. How does lightning a^ct wp&n the magnetic 
needles of the electric telegraph ? 

A. The electric fluid is conveyed 
along the condacting wires to the tele- 
graphic needles. 
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CHAPTER III. 

Q. What is the third chief source of heat f 
A. Chemical Action. 

Q. Whai is meant by chemical action being 
the source of heat ? 

A. Many things, when their chemical 
constitution is changed (either by the 
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Abstraction of some of their gases, or by 
the combination of others not before unit- 
ed) evolve heat^ while the change is go- 
ing on. 

Q. Explain by illustrcUian what you mean, 

A. Water is cold, and sulpliuric acid 
is cold ; but if these two cold liquids be 
mixed together, they will produce intense 
heat. 

Q. Why does gold ^ates,, poured an limb, 
nM^ce it intensely hot ? 

A. Because heat is evolved by the 
chemical action which takes place, when 
the cold water combines with the lime. 

N. B. Heat is always evolved, when a fluid is converted 
into a solid form. Heat is always absorbed, when a solid is 
changed into a liquid state. As the water is changed from 
its liquid form when it is taken up by the lime, therefore, 
heat is given off. 

Q. Where does the heat come from ? 

A. It was in the water and lime be- 
fore ; but was in a latent state, 

Q. Was there heat in the cold water and lime^ 
before they were mixed together f 

A. Yes. All bodies contain heat; 
the coldest ice, as well as the hottest fire. 

Q. Is there heat even in ice ? 

A. Yes ; but it is latent (i. e., not per- 
ceptible to our senses.) 

Late&t, firom the LaMii word liateo, (to lie hid.) 
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Q. How do you know there is heai^ if you^ 
cannot perceive it ? 

A. Thus:— Ice is 32° by the ther- 
mometer ; but if ice be melted over a fire, 
(thoug-h 140° of heat are absorbed by the 
process,) it will feel no hoUer than before. 

i. e., it will be only 32°, and not 172^.* 
Q. What becoTJtes of the 140° which went into 
the ice to melt it ? 

A. It is hidden in the water ; or (to 
speak more scientifically) it is stored up 
in a latent state. 

Q. How MUCH heat may be thus secreted or 
made latent ? 

A. All thing's contain a vast quantity 

of latent heat ; but as much as 1140° of 

heat may remain latent in water, 

Q. How can 1 140° of heat he added to water, 
without being perceptible to our feelings? 

A. 1st — 140° of heat are hidden in 
water, when ice is melted by the sun or 
fire. 

2dly — 1000° more of heat are* secret- 
ed, when water is converted into steam. 
Thus, before ice is converted into steam, 
1 140° of heat become latent. 

One pint of boiling water, (212° according to the ther- 
mometer,) will make 1800 pints of steam ; but the steam 
is no hotter to the touch than boiling water — both are 
212° ; therefore, when water is converted mto steam, 1000** . 

♦ 82°, i. e., 32 degrees j 140<>, i. e., 140 degrees, &c. 
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of heat become latent. Hence, before ice is converted 
into steam, it must contain 1140° of latent heat. 

Q. Can we he made to feel the heat of ice or 
snow? 

A. Yes. Into a pint of snow put half 
as much salt; then plunge your hands 
into the liquid ; and it will feel so in- 
tensely cold, that the snow itself will 
seem warm in comparison to it. 

Q. L SALT and snow really colder than 
snow? 

A. Yes, niany degrees ; and by dip- 
ping your hand into the mixture first, 
and into snow afterward^ the snow will 
seem to be comparatively warm. 
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COMBUSTION. 

Q. Whai is fire? 

A. Heat and light, produced by the 
combustion of inflammable substances. 

Q. How is heat evolved hy combustion? 

A. By chemical action. As latent heat 
is liberated, when water is poured upon 
lime, by chemical action ; so latent heat 
is liberated in comMistionj by chemical 
action also. 
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Q. Whai CHEMICAL ACTION takcs place in 
combustion ? 

A. The elements of the fuel combine 
with the oxygen of the air, 

Q. TVhcU is fneant by the " elements of fuel ?'* 
A. As bread is a compound of flour, 
yeast, and salt ; so fuel is a compound 
of hydrog-en and carbon. 

Q. WTiat are, the ELEMENTS of atmospheric aikI 
A. Oxygen and nitrogen, mixed toge- 
ther in the following proportions ; 4 
gallons of nitrogen and one of oxygen 
will make 5 gallons of common air. 

Q. WhiU is CARBON? 

A. The solid part of fuel. Carbon 
abounds in all animal bodies, earths, and 
even in some minerals. 

Q. Mention some different species of carbon. 

A. Common charcoal, lamp-blackj 
coke, and the diamond. 

Q. What is hydrogen 1 

A. An inflammable gas. The gas 
used in our streets is hydrogen driven 
out of coals by heat. 

Coal ^as (more correctly speaking) is carbnretted hy- 
drogen, I. e., carbon and hydrogen. See p. 262. 

Q. What are the pectdiar characteristics of 
hydrogen gas? 

A. 1st — It is the lightest of all known 
substances : 
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2dly — It will burn immediately it is 
Ignited: and 

3dly — A lig-hted candle (immersed in 
this gas) will be instantly extinguished.* 

Q. What is oxygen 1 

A. A gas, much heavier than hydro- 
gen ; it gives brilliancy to flame, and is 
essential to animal life.t 

* Hydrogen gas may be made thus :--Pat some {Pieces 
of zinc or iron filings into a glass : pour over them a litUe 
sulphuric acid (vitriol), diluted with twice the quantity 
of water ; then cover the glass over for a few minutes, 
and hydrogen gas will be given off. 

EXPERIMENTS. 

If a flame be put into the glass, an explosion will be 
made. 

If the experiment be tried in a phial, which has a pieoo 
of tobacco-pipe run through the cork, and a light held a 
few moments to the top of a pipe, a flame will be made. 

If a balloon be held over the phial, (so that the gas can 
inflate it,) the balloon will ascend in a very few minutes. 

t Oxygen gas is much more troublesome to make than 
hydrogen. The cheapest plan is to put a few ounoes of 
manganese (called the black oxide of manganese) into an 
ircm bottle, furnished with a bent tube ; set the oottle on 
a fire till it becomes red hot, and put the end of the tube 
into a pan of water. In a few minutes, bubbles will rige 
through the water ; these bubbles are oxygen gas. 

These bubbles may be collected thus :— Fill a common 
bottle with water ; hold it inverted over the bubbles which 
rise through the pan, but be sure the mouth of the bottle 
be held in the water. As the bubbles rise into the bottle, 
the water will run out; and when all the water has nm 
out, the bottle is full of gas. Cork the bottle while the 
taatUk remmns under water; set the bottle on its base; 
cover the cork with lard or wax, and the gas will keep 
till it be wanted. 

' N. B. The qmckat waj of making oxy^n gas, is t9 
rub together in a mortar balf an ounoe of oxide of copper, 
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Q. Whai is NITROGEN ? 

A. An invisible gas, which abounds 
in animal and vegetable substances. The 
following are its peculiar characteristics : 

1. It will not burn ; 

2. An animal cannot live in it ; 

3. It is the principal ingredient in 
common air.* 

Nearly 4 gallons out of every 6 being nitrogen gas. 



and half an ounce of chlorate of potassa. Put the mix- 
ture into a common oil flask, furnished with a cork which 
has a bent tube thrust through it. Heat the bottom of 
the flask over a candle or lamp ; and when the mixture is 
' red hot, oxygen gas will be given off. Note — ^the tube 
must be immersed in a pan of water, and the gas collected 
as before. 

S Chloride of potassa may be bought at any chemist's ; 
oxide of copper may be procured by heating a sheet 
of copper red hot, and when cool, striking it with a ham- 
mer ; the scales that peel off, are oxide of copper.) 

Exp. Put a piece of red hot charcoal (fixed to a bit of 
wire) into your bottle of oxygen gas ; and it will throw 
out most dazzling sparks of light. 

Blow a candle out ; and while the wick is still red, hold 
the candle (by a piece of wire) in the bottle of oxygen 
gas ; the wick will instantly ignite, and bum brilliantly. 

(Burning sulphur emits a blue flame, when Inmiersed 
In oxygen gas.) 

* l^itrogen gas may easily be obtained thus :— Put a 
piece of burning phosphorus on a little stand, in a plate 
of water ; and cover a bell glass over it. (Be sure the 
edge of the glass stands i% the water.) In a few minutes 
X\ie. oxygen of the air will be taken up by the buminit 
phosphorus ; and nitrogen alone will be left in the bell 
glass. 

(N. B. The white ftune, which will arise and be absorbed 
l^ the water in thii experiment, is phosphoric acidj i. e., 
phosphonis combined with oxygen of the air.) 
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Q. Whif is there so much nitrogen in the airt 

A. In order to dilute the oxygen. 

If the oxyg-en were not thus diluted, 

fires would burn out too quickly, and 

life would be too rapidly exhausted. 

Q. WTuU three elements are necessary to pro- 
duce COMBUSTION ? 

A. Hydrogen gas, carbon, and oxygen 
gas : The two former in the fuel; and the 
last in the air, which suri-ounds the fuel. 

Q. WTuU causes the combustion ofthejud ? 

A. The hydrogen gas of the fuel 
(being set free, and excited by a match), 
unites with the oxygen of tlie air, and 
makes a yellow flame ; this flame heats 
the carbon ofthefud, which (also uniting 
with oxygen of the air) produces car- 
bonic aAd gas. 

Q. What is CARBONIC acid OA8? 

A. Only carbon (or charcoal) com- 
bined with oxygen gas. 

Q. Why does FIRE produce heat? 

A. Because it liberates kUent heat 

from the air and fuel. 

Q. What CHEMICAL changes in air and fitd 
a/re produced by combustion ? 

A. 1st — Some of the oxygen of the 
air, combining with the hydrogen of the 
fuel, condenses into water : and 
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2dly — Some of the oxygen of the air, 
combining with the carbon of the fuel, 
forms carbonic add gojs, 

Q. Why is a fire {c^er it has been long 
burning) re» hot ? 

A. Because the whole surface of the 
coals is so thoroughly heated, that every 
part of it is undergoing a rapid union 
with the oxygen of the air. 

Q. In a BLAZING fire, why is the upper wr- 
face of the coals black, and the lower surface red ? 

A. Because carbon (being solid) re- 
quires a great degree of heat to make it 
unite with the oxygen of the air. In 
consequence of which, the hot under 
surface of coals is frequently red from its 
union with oxygen, while the cold upper 
surface remains 6/acA:. 

Q. Which burns the more quickly , a blazing 
fire^ or a red hot one ? 

A. Fuel burns quickest in a blazing 
fire. 

Q. Why do BLAZING COALS BURN QUICKER 

than red hot ones ? 

A. Because the inflammable gases of 
the fuel (which are then escaping) great- 
ly assist the process of combustion. 

Q. Why do the coals of a clear bright fire 
burn out more slowly than blazing coals ? 

A. Because most of the inflammable 
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gases, and much of the solid Jiiel, have 
been consumed already; so that there 
is less food for combustion. 
Q. What is smoke ? 

A. Unconsumed parts of fuel (prin- 
cipally carbon) separated from the solid 
mass, and carried up the chimney by 
currents of hot air. 

Q. Why is there more smoke tohen coals a/re 
F&ESH added^ than when they are red hot? 

A. Because carbon (being solid) re- 
quires a great degree of heat to make it 
unite with oxygen, (or, in other words, to 
bring it into a stateof perfect combustion :) 
when coals are fresh laid on, more carbon 
is separated than can be reduced to comr 
bfostion, and the surplus flies off in smoke. 

Q. Why is there so little smoke vnth a esd 

BOT FIRE? 

A. Because the eruire surface of the 
coals is in a state of combustion; and, as 
very little carbon remains unconsumed, 
there is but little smoke. 

Q. Why are there dark ajut bright spots in 
a CLEAR cinder fire ? 

A. Because the intensity of the com- 
bustion is greater in some parts of the 
fire, than it is in others. 

Q. Why is the intensity of the combustion so 

TTNEQUAL ? 
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I 

j Because the air flies to the fire in 
various and unequal currents. 

Q. Why do we see all sorts of orotesqub 

FIGURES in hot COALS ? 

A. Because the intensity of combus- 
tion is unequal^ (owing to the gxisty 
manner in which the air flies to the fuel :) 
and the various shades of red, yellow, 
and white heat (mingling with the black 
of the unburnt coal), produce strange 
and fanciful resemblances. 

Q. Why does paper burn more readily than 
wood? 

A. Because it is of a more frctgUe 
texture; and, therefore, its component 
parts are more easily heated. 

Q. Why does wood burn more readily than 
coal? 

A. Because it is not so solid; and, 
therefore, its elemental parts are more 
easily separated, and made hot. 

Q. When a fire is lighted, why is papek 
laid at the bottom, against the grate ? 

A. Because paper (in consequence 
of its fragile texture) very readily catches 
fire. 

Q. Why is wood laid on the top of the paper ? 

A. Because wood ("being more sub- 
stantial) burns longer than paper ; and, 
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therefore, affords a longer content of 
Jlame to heat the coals. 

Q. TFAy tinmld not paper do without wood f 
A. Because paper burns out so rap- 
idly^ that it would not afford sufficient 
contact of Jlame to heat the coals to com- 
bustion. 

Q. Whif wiU noi wood do without shavingif 
straw, or paper f 

A. Because wood is too substantial 
to be heated into combustion by the fee- 
ble flame issuing from a match, 

Q. Why would not ike paper do as well, if 
placed on the top of the coals f 

A. Because every blaze tends up- 
icard; if, therefore, the paper were 
placed on the top of the coals its blaze 
would afford no contact of flame to the 
fuel lying hdow, 

Q. Why should coal he placed above the wood f 

A. Because otherwise, the flmne of 
the fuel would not rise through the coaly 
to heat it. 

Q. Why is a fire kindled at the lowest 
BAK of a grate? 

A. That the flame may ascend 
through the fusl, to heat it. If the fire 
were kindled from the top, the flame 
would not corns in contact with the fuel 
placed below. 
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Q. Why dees coal make mch excellent 

FUEL ? 

A. Because it contains a large 
aniount of carbon and hydrogen gas, in a 
very compact and convenient form. 

Q. W%2/ will CINDERS become red hot more 
, quickly than coals ? 

A. Because they are sooner reduced 
to a state of combustion, as they are 
more porous and less solid, 

Q. Why will not iron cinders burn ? 

A. Because they contain impurities^ 
which are not so ready to combine with 
oxygen, as carbon and hydrogen are. 

Q. Why are cinders lighter than coals ? 

A. Because they are full of little 
holes ; from which vapor, gases, and 
other volatile parts, have been driven 
off by previous combustion, 

Q. Why will not stones do for fuel as well as 

COALS ? 

A. Because they contain no hydrogen^ 
and little or no carbon, 

Q. Why will not wet kindling light afire ? 

A. 1st — Because the moisture of the 
wet kindling prevents the oxygen of the 
fwrfrom getting to the fuel; and 

2dly — ^The heat of the fire is perpetu- 
ally drawn off^ by the conversion oiioaier 
into steam. 
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Q. Why does det tDood bum better Hum 
green! 

A. 1st — Because none of its heat is 
carried away by the conversion of toater 
into steam ; and 

2dly — ^The pores of dry wood (beingf 
fUed with air) supply the fire with 
oxygen. 

Q. Why do TWO fiecei of wood bum better 
than one ? 

A. 1st — Because they help to entan* 
gle the heat of the passing smakey and 
tiirow it on. the fuel; and 

2dly — The air, impinging against the 
pieces of wood, is thrown upon the fire 
in a kind of eddy or draught. 

Q. Why does balt crackle, when thrmon^ 
into a fire ! 

A. Salt contains water; and the 
cradling of the salt is owing* to the sud- 
den conversion of this water into steam. 

Q. Why wUl not wood or paper bwrnif steeped^ 
in a solution of potash, phosphate of lime, or am* 
MONiA {hartshorn) f 

A. Because any " alkali " (sucb as 
potash) will arrest the hydrogen which 
escapes from the fuel, and prevent its, 
combination, with the oarygen of air. 

Q. What is an aXkali ? 

A. The converse of an acid; as 
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bitter is the converse of sweet, or insHpid 
the con Verse of pungent. 

Q. Why does a jet of flame sometimes burst 
into the room through the bars of a stove ? 

A. Because the iron bars conduct 
heat to the interior of same lump of coal; 
and its volatile gas (bursting* through 
the weakest part) is kindled by the 
glowing coals over which it passes. 

Q. Why is this jet sometimes of a greenish 
TBLLOW color ? 

A. Either because some lump of coal 
lies over the hot bars ; or else the coals 
below it are not red hot : in consequence 
of which, some of the gas escapes unburnt^ 
and is of a greenish color. 

Q. Why does the gas escape unburnt 1 

A. Because neither the bars, nor 
coals over which it passes, are red hot 

Q. Why does a bluish flame sometimes flicker 
on the surface of hot cinders ? 

A. Because the gas from the hot coals 
at the bottom of the grate, mixing with 
the carbon of the coals above, produce's an 
inflammable gas (called carbonic oxide), 
which burns with a blue flame. 

Q. Why is the flame of a good fire yellow ? 

A. Because both the hydrogen and 
carbon of the fuel are in a state o{ perfect 
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combustion. It is the white hmt of the 
carbon, which gives the pale yellow tinge 
to the flaming hydrogen. 

Q. W/^M LIGHT? 

A. Rapid undiUations of a fluid called 

ether, striking on the eye. 

Q. How does combustion make these undula- 
tions of LIGHT ? 

A. The atoms of matter (set in mo- 
tion by heat) striking against this ether, 
produce undulations in it; as a stone 
thrown into a stream, produces undula- 
tions in the icater. 

Q. How can undulations of ether produce 

LIGHT? 

A. As sound is produced hyundular 
tions of air striking on the ear; so light 
is produced by undulations of ether strik- 
ing on the eye, 

Q. What is ether ? 

A. A very subtle fluid, which per- 
vades and surrounds everything we see. 

N. B. This theory of light is not altogether satisfactory ; 
but has been retained, as the most plausible hitherto pro- 
jected. 

Q. Does HEAT always prodiice light ? 

A. No ; the heat of a stack of hay, 
or reeking dunghill, though very greaty 
is not sufficient to produce light. 

Q. Why is a yellow flame brighter than a 

RED HOT COAL ? 
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, A. Because yellow rays produce the 
greatest amount of lights though red rays 
produce the greatest amount of heat. 

Q. Why is the light of a firt more intense 
sometimes than it is at others? 

A. The intensity of fire-light depends 
upon the whiteness to which the carbon 
is reduced by combustion. If carbon 
be white hot, its corrdmstion is perfect^ 
and the light intense ; if not, the light is 
obscured by smoke. 

Q. Why will not cinders blaze, as well as 

FRESH coals ? 

A. The flame of coals is made chiefly 
by hydrogen gas. As soon as this gas 
has been consumed, the hot cinders pro- 
duce only a gas, called carbonic acid, 
which is neither luminous nor visible. 

Q. Where does the hydrogen gas of afire come 
from? 

A. All fuel is composed of carbon and 
hydrogen gas, which are separated from 
each other by the process of combustion. 
(See p. 40.) 

Q. Why does not a fire blaze on a frosty 
night, so long as it does upon anther night ? 

A. 1st — Because air condensed by 
the cold contains more oxygen than the 
same quantity of warmer air ; and 
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2dly — ^Air condensed by the cold is 
heavier. In consequence of which, it 
falls more quickly on the fire, to supply 
the place of the hot ascending air. 

Q. Whf does a fire hum clearest on a 
FROSTY nigfU ? 

A. Because the volatile gases are 
more quickly consumed ; and' the solid 
carbon is plentifully suj^lied loith oxygen 
from the air, to make it burn brightly 
and intensely. 

Q. Why does a fire burn more intensely in 
WINTER than in summer ? 

A. Because the air is colder in winter, 
than it is in summer. 

Q. Why does the coldness of the air increase 
the BMAT of afire? 

A. 1st — Because air condensed by 
the cold, supplies more oxygen than a 
similar volume of warmer air ; and 

2dly — Condensed air, being heavy, 
falls more rapjdly into the place of the 
hot ascending air, to supply the fire with 
nourishment. 

Q. Why does the sun, shinifig on a fire, nuike 
it DULL ; and often put it ovif 

A. 1st — Because the air (being rare- 
fied by the sunshine) Jlows more slowly 
to the fire ; and 
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2dly — Even that which readies the 
fire, affords less iiomislvment. 

Sunshine produces also some chemical effect npon the 
air or fuel detrimental to combustion. 

Q. Why does the airflow to the fire more tar- 
dily ybr being rarefied? 

A. Because the greater the contrast 
(between the external air and that which 
has been lieated by t]iejire\ the more rapid 
will be the current of air toward that fire. 

Q. Why does rarefiM air afford less nourish/ 
MENT to fire than cold air 1 

A. Because rarefied air contains less 
oxygen than the same quantity of con- 
densed air. 

Inasmuch as the same quantity of oxygen is diffused 
over a larger volume of air. 

Q. Why does a fire hum more fiercely in the 

OPEN AIR 1 

A. 1st — Because the air out-of-dooi^s 
is more dense than the air in-doors ; and 
2dly — It has freer access to the fire. 

Q. Why is the air otU-of 'doors more dense 
than that in-doors ? 

A. Because it has freer circulation ; 
and, as soon as any portion has been 
rarefied, it instantly escapes, and is sup- 
plied by colder currents. 

Q. Why does not a fire bum so freely in a 
THAW as in a frost ? 
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A. Because the air is laden with 
vapor ; in consequence of which, it both 
mooes too shicly, and is too much rarefied 
to nourish the fire. 

Q. Why does a fire burn sojiercdy in winbt 
toecUher? 

A. Because the air is so rapidly 
changed, and affords plentiful nourish- 
ment to the fire. 

Q. Why does a pair of bellows get afire wp t 
V A. Because it drives tlie air more rap- 
idly to ilve fire; and the plentiful supply 
of oxygen soon makes the fire burn in- 
tensely. 

Q. Why is the flame of a candle extinguished 
when blown by the breath; and not made more in- 
tense lilce afire ? 

A. Because the flame of a candle is 
confined to a very small xoicky from which 
it is severed by the breath ; and (being 
unsupported) must go out, 

Q. Why is a smouldering wick sometimes 
RE-KINDLED by blomng it ? 

A. Because air is carried to it by the 
breath with great rapidity ; and the oxy- 
gen of the air kindles the red Imt xoicky 
as it would kindle charred wood. 

Q. Why is not the red hoi vnck kindled by ik$ 
air around U, without blowing ? 

A. Because oxygen is not supplied^ 
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with sufficient freedom, unless air be 
Uovm to the wick. 

Q. When is this experiment Tnosi likely to suc- 
ceed? 

A. In frosty weather ; because the 
air contains more oxygen when it is 
condensed by the cold. 

Q. Why does a poker laid across a dvU 
FIRE reoive it ? 

A. For two reasons; 1st — Because 
the poker concentrates the heat, and 
therefore increases it ; and 

2dly — Air is arrested in the narrow 
aperture between the poker and the 
coals, and a drauglit created. 

See p. 49. 

Q. Why are stoves Jiaxd an the floor cf a 
roam? 

A. In order that the air on the lower 
part of the room may be heated by the 
fire. 

Q. WmUd not the air of the lower part cfa 
.room he heated equally well^ if the stoves were fixed 
Mgher tip ? 

A. No ; the heat of a fire has a very 
little effect upon the air below tlie level (^ 
tfie g)'(Ue; and, therefore, every grate 
should be as near to t/iejloor as possible. 

Q. Our FEET are very frequenily cold when 
-Vie sil dose by a good fire. Explain the rec^san of 



COMBUSTION. 67 

A. As the fire consumes the air 
which passes over it, cold air rushes 
through the crevices of the doors and 
windows along the bottom of the room 
to supply the deficiency ; and these cur- 
rents of cold air, rushing constantly aver 
our feet, deprive them of their warmth. 

Q. ^a piece of v aver be laid flat on a dear 
fire^ it wiU not blaze InU char. Why so f 

A. Because the carbon of a clear fire, 
being" sufficiently hot to unite with the 
oxygen of the air, produces carbonic acid 
gas, which soon envelops the paper laid 
flat upon the cinders : but carbonic acid 
gas will not blaze, 

Q. ^ you BLOW the paper, it mil blazb im- 
mediaiely. Why so f 

A. Because by blowing or opening a 
door suddenly, tJie carbonic a^id is dmi- 
pated, and the paper fanned into flame. 

Q. Why does water extinguish a pire ? 

A. 1st — Because the waier forms a 
coating over the fuel, which keeps it from 
the air; and 

2dly — ^The conversion of water into 
steanfk, draws off* the heat of the burning 
fuel. 

Q. A little water makes a fire fiercer, 
while a LARGER quantity of water puis it our. 
E'lpiain how this is, 

3* 
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A. Water is composed of oxygen and 
hydrogen ; when, therefore, the fire can 
decompose the water into its simple ele- 
ments, it serves {or fuel to the flame. 

Q. How ca» WATER serve for fuel tofirel 
A. Because the hydrogen of the water 
burns with di flame ; and the oxygen of the 
water increases the intensity of that 
flame. 

Q. When a house is onfire^ is too little waier 
worse than none ? 

A. Certainly. Unless water be sup- 
plied so plentifully as to quench the fire^ 
it will increase its intensity^ like fuel. 

Q. When will water extinguish fire ? 

A. When the supply is so rapid and 
abundant that the fire cannot decompose 
it. 

Q. Does not a very little water slacken ik$ 
heat of fire ? 

A. Yes, till it is decomposed ; it then 
increases the intensity of fire, and acts 
like fuel. 

Q. Why does the wick of a candle {when the 
flame has been blown ord) very readily catch fire? 

A. Because the wick is already hot^ 
and a very little eoctra heat will throw it 
into flame. 

Q. Why does the extra heai revive the flame? 



COMBUSTION. 69 

A. Because it ag^ain liberates the 
hydrogen of the tallow, and ignites it 

Q. Cannot wood be made to blaze VfithoiU 
actual contact with fire f 

A. Yes; if a piece of wood be held 
near the fire for a little time, it will blaze, 
even though it does not touch the fire. 

Q. Why vnU wood blaze, even if it does not 
touch the fire f 

A. Because the heat of the fire 
drives out the hydrogen gas of the wood ; 
which gas is inflamed by contact with 
the red hot coals. 

Q. Why will a neiohbor^s house sometimes 
CATCH FIRE, though TW flame of the burning house 
ever touches it ? 

A. Because the heat of the burning 
house sets at liberty the hydrogen gas of 
the neighboring wood-work ; and this 
gas is ignited by the flames or red hot 
bricks of the house or fire. 

Q. WTtat is COKE ? 

A. Coal freed from its volatile gases 

by the action of artificial heat. 

Q. Why do STOVES sometimes smell very 
strongly of sulphur ? 

A. Because coal and coke contain 
sulphur ; and whenever the draught is 
not rapid enough to drive the sulphur up 
the Jlue, it is emitted into the room. 
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Q. What is meafU by spontaneous coMBng- 

TION? 

A. Combustion produced without the 
application of flame. 

Q. Give an example of sporUaneotis combustion, 

A. Coals stowed in the hold of a 
vessel, and goods packed in a warehouse, 
will often catch flre of themselves — espe- 
cially such goods as cotton, flax, hemp, 
rags, &c. 

Q. Why do such goods sometimes catch fire 
of themselves ? 

A. Because they are piled together 
in very large m/isses in a damp state or 
place. 

Q. Why does this produce sporUaneous combus- 
tion ? 

A. The damp produces decay, or the 
decomposition of the goods; and the 
great heat of the piled-up mass makes 
the decaying goods ferment. 

Q. How does this fermentation produce com- 
bustion ? 

A. During fermentation, carbonic add 
gas is given off by the goods — a slow 
combustion ensues — till at length the 
whole pile bursts into flam^. 

Q. Why is the heat of a large mass ofgoodi 
GREATER than that of a smaller quantity? 

A. Because the carbonic acid cannot 



1 COMBUSTION. 61 

escape through the massive pile; and 

the products of decomposition being canr 

Jined^ hasten further changes. 

Q. Why do hat-stacks somttimes catch firk 
ofthefusdves? 

A. Either because the hay was got 
up damp; or else because rain has pen- 
etrated the stack. 

Q. Why vjill a hat-stack catch fire tf the 
hay be damp ? 

A. Because damp hay soon decays^ 
and undergoes a stcUe of fermentation ; 
during which, carbonic acid ga;^ is given 
off, and the stack catches ^rc. 

Q. Roasted coffee sometimes catches fire 
tpoTUaneously. Explain the reason of this, 

A. The heat of coffee is greatly in- 
creased by being roasted; and the car* 
ban oftlie coffee^ uniting with the oxygen 
of the air, produces carbonic add gas^ and 
bursts 'miojiame.. 

Q. Why do old raos, used for CLEANnva 
LAMPS and candlesticks, sometimes set a house on 
fire? 

A. Because they very readily fer- 
ment, and (during fermentation) throw 
off exceedingly inflammable gases. 

N. B. Lamp-black mixed with linseed oil is more liable 
to spontaneous combustion than anythhig that servants 
handle. 
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CHAPTER V. • 

SMOKE. 

Q. Why does smoke ascend the chimney f 

A. Because the air of the room (when 
it passes over the fire) becomes lighter 
for being heated ; and (being thus made 
lighter) ascends the cnimney, carrying 
the smoke with it. 

Q. WhM is SMOKE? 

A. Small particles of carbon, separat- 
ed by combustion from the fuel, but not 
consumed, 

Q. Why do SMOKE and steam curl as they 
ascend? 

A. Because they are pushed round 
and round by the ascending and de- 
scending currents of air. 

Q. Why does a close stove draw up mort 
fiercely than an open grate ? 

A. Because the air which supplies 
the stove must pass through the fire; 
and, as it becomes exceedingly heated^ 
rushes up the flue with great violence. 

Q. What produces the roaring noise made by 
the fire in a close stove ? 

A. Air rushing rapidly through the 
crevices of the iron door^ and up the 
chimney fine. 
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Q. Why is the ROAR LESS tfihe stove door U 
thrown OPEN? 

A. Because fresh air gets access to 
the fire more easily; and, as the air is 
not so intensely heated, its n)otion is not 
80 violent. 

Q. Why do some crimnvts smoke t 

A. Because fresh air is not admitted 
into a room so fast as it is consumed by 
the fire ; in consequence of which, a cur- 
rent of air rushes down the chimney to 
supply the deficiency^ driving the smoke 
along with it. 

Q. Explain this by an illustratwn. 

A. If water be taken with a pail out 
of a river, other water will rush toward 
the hole as soon as the pail is lifted out; 
and, if air be taken from a room (as it 
is, when some of it goes up the chimney), 
other air will rush toward the void to 
fill it up. 

Q. WTtat preverUs air being supplied so fast as 
it is consumed by the fire f 

A. Leather and curtains round the 
doors: sand-bags at the threshold and 
on the window-frames; and other con- 
trivances to keep out the draught. 

Q. Why wUl the air come down the chimnet? 

A. Because it can get into the room 
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in no other way, if the doors and win- 
dows are all made airtight. 

Q. WhcU is the best remedy in such a case f 
A. The speediest remedy is to open 
the door or window : but by far the best 
remedy is to carry a small tube from the 
hearth into the external air. 

Q. Why is that the best remedy ? 

A. Because the fire will be plenti- 
fully supplied with air by the tube : the 
doors and windows may all remain air- 
tight ; and we may enjoy a warm fii^e- 
side, without the inconvenience of 
draughts and cold feet. 

Q. Why is a chihnet raised so high above 
the ROOF? 

A. That it may not smoke ; as all 
funnels do which are too short. 

Q. What is meant by the funn«l or pltje cf 
a chimney ? 

A. That part of a chimney through 
which tlfe smoke passes. 

Q. Why does a chimney smoke, tf the funnd 
be very short ? 

A. Because the draught of a short 
flue is too slack to carry the smoke up 
the chimney. 

Q. Why is the draught of a short flub 
more slack than thai of a long one ? 
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A. 1st — Because the fire is alway$ 
duU and sluggish^ if the chimney be too 
short : 

2dly — Because the smoke rolls oirf of 
the chimney, before it has acquired its 
full velocity ; and 

3dly — Because the wind, rain, and aiif, 
have more influence over a short funnel, 
than over a bng one. 

Q. . Why is the fire always dull and slug- 
OUH, if the CHiMNET*FLU£ he very short? 

A. Because the draught is bad ; and^ 
as the rarefied air passes very tardily tip 
the chimney— fresh air flows as tardily 
toioard the fire^ to supply it with oxygen^ 

Q. On what does the intenbitt of fire depend? 

A. The intensity of fire is always in 
proportion to the quantity of oxygen with 
which it is supplied. 

Q. Why does noi smoke acquire iUfuU velo- 
city wi a suoKTfTmnd? 

A. Because the higher sndoke as< 
cends, (provided the flue be clear an4 
hot.) the faster it goes : if, therefore, a 
funnel be very short, the smoke never 
acquires its full velocity. 

Q. Does the draught of a chimney depend on 
the speed ^ihe smoke through the fine f 

A. X es. The more quickly hot air 
flies up the chimney^ the more quickly 
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cold air will rush toward the fire lo supply 

the place ; and, therefore, the longer the 

flue^ the greater the draught. 

Q. Why are the chi»ineys cf manufactories 
^nade so very long ? 

A. To increase the intensity of the 
fire. 

Q. Why is the intensitt of afire iiicreased by 

LENGTHENING the FLUE 1 

A. Because the draught being* great- 
er, more fuel is consunied in the same 
time ; and, of course, the intensity of the 
heat is proportionally greater. 

Q. J^ a SHORT CHIMNEY canfwt be lengthened, 
iehat is the best remedy to prevent smoking ? 

A. To ootntrajd the opening of the 
ddmney contiguous to the stove. 

Q. Why vnll a smaller opening against the 
stove PREVENT the chimney^ s smoking ? 

A. Because the air will be compelled 
to pass nearer the fire; and (being more 
heated) will rise through the chimney 
more rapidly. This increase of heat will 
therefore compensate for the shortness 
of ihefitte. 

Q. Why vnll a room smoke if there be two 
FIRES in it? 

A. Because the fiercer fire will ex- 
haust the most air, and draw from the 
smaller one, to supply its demand. 
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Q. Why will a chimrtey smoke if there he a 
PIRE in TWO ROOMS communicating with each other f 

A. Because (whenever the door be- 
tween the two rooms is opened) air wiU^ 
rush from the chimney of the inferior 
fire to supply the other; and both rooms 
will be filled with smoke. 

Q. What it the best remedy in this case f 

A. Let a tube be carried from the 
hearth of each stove into the external 
air^ and theh each fire will be so well 
suppliecl, that neither will need to bor- 
row from the other. 

Q. Why does a house in a valley or by the 
side of higher buildings vert/ often smoke ! 

A. Because the wind (striking* 
against the surrounding hills or buildings) 
bounds back again upon the chimney , and 
destroys its draught. 

Q. What is the remedy in these cases ? 

A. To fix a coftcl on the chimney-top, 
to turn like a weather-cock, and present 
its back to the wind. 

Q. Why will not a cowl always prevent a 
chimney smokino ? 

A. Because if the wind be strong, it 
will keep the opening of the cowl toward 
the higher building or hill ; and then the 
reflected wind will blow into the cowl] 
and down tiie chimney. 
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Q. As a cowl is such a poor remed.y^ can any 
OTHER be suggested ? 

A. Yes. If tfie chimney-flue can be 
carried higher than the other buildings 
or hills, no wind can enter the flue. 

Q. ^a chimney 'fliie he carried up higher than 
the buildings or hiU, why cannot the wind ertter it ? 

A. Because the reflected wind would 
strike against the sides of the chimney- 
flue, and not pass over the qpening at all. 

Q. In what other cases will a chimney smoke ? 

A. If the door and stove are both 
placed on the same side of a room, the 
chimney will often smoke. 

Q. Why wUl a chimney smoke, if the door 
and STOVE are both on the same side 1 

A. Because (whenever the door is 
opened) a current of air will blow oh- 
hqaely into the chimney^kice, and drive 
the smoke into the room. 

Q. What REMEDY can be applied to this evil f 

A. The door must be set opposite to 
the chimney-place, or nearly so; and 
then the draught from the door wUl bhu> 
the smoke up the chin},ney, and not into 
the room. 

Q. Why will a chimney smoke if it needs 

SWEEPING ? 

• A. Because loose soot obstructs the 
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free passage of the smoke, delays its 
current, and prevents the draught. 

Q. Why vnll a chimney* smoke if U be out 

OF REPAIR ? 

A. 1 St — ^Because the loose mortar and 
bricks obstruct the smoke ; and 

2dly — Cold air (oozing through the 
chinks) chills the air in the chimney, and 
prevents its ascent. 

Q. WTiy toill a stove bmoke, tf the joints of 
thefiue do Thci fit air-tight ? 

A. Because cold air (oozing through 
the joints) chills the air m the flue, and 
prevents its ascent. 

Q. Why does an old-fashioned farm chimnet- 
PLACE generally smoke ? 

A. Because the opening is so very 
large, that much of the air which goes 
up the chimney, has never passed near 
the fire ; and this cold air (mixing with 
the hot) so reduces its temperature that it 
ascends very slowly, and the draught is 
destroyed. 

Q. Why does a chimney smoke if the draught 

he SLACK ? 

A. Because the current of air up the 
chimney is not powerful enough to buoy 
up tfie smoke through the flue. 

Q. J^ihe opening of a chimney be too large, 
what remedy can be applied f 
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A. The chimney-place must be con- 
tracted. 

Q. Why will tiONTRACTiNG the chimney-flace 

PREVENT Us SMOKING ? 

A. Because the air will then pass 
nearer the fire ; and (being more heated) 
fly faster up the chimney. 

Q. Why do almost all chimneys smoke in 
GUSTY weather ? 

A. Because the column of smoke is 
suddenly chilled by the wind, and (be- 
ing* unable to ascend) rushes back mto 
the room. 

Q. WJuit is the use of a chimney-pot? 

A. It'sei-ves to increase the draught, 
when the opening of a chimney is too 
laj'ge, 

Q. How does a chimney-pot increase the 
DRAUGHT of a chimney ? 

A. As the same quantity of hot air 
has lo escape through a smaller openings 
it must pass through more quickly. 

Q. Why do blowers help to get afire up f 

A. Because they compel the air to 
go through the fire, and not over it; 
in consequence of which, the flre is well 
supplied with oxygen, and the draught 
greatly increased. 

Q. Why does a blower increase the 

DRAUGHT ? 
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A. Because the air (by passing 
through the fire) is made much hotter, 
and ascends the chimney more rapidly. 

Q. Why is d firt better supplied with oxyge^' 
while the blower hangs before it f 

A. Because the blower increases the 
draught ; and the faster the hot air flies 
up the chimney^ the faster will cold air 
rush toward the fire^ to supply it with 
oxygen. 

Q. Why does a parlor ojten smell disagreeably 
qf SOOT in summer-time? 

A. Because the air in the chimney 
(being colder than the air in the parlor) 
descends into the room, and leaves a dis- 
agreeable smell of soot behind. 

Q. Why are the ceilings of public offices 
generally black and filthy f 

A. Because the heated air of the 
office buoys up the dust and fine soot ; 
which (being unable to escape through 
the plaster) is deposited on the ceiling. 

Q. Why are some parts of the ceiling blacker 
und more filthy than others f 

A. Because the arr, being unable to 
penetrate the thick joi^s of the ceiling 
passes by those parts, and deposits its soot 
and dust on others more penetrable. 

N. B. The site of this deposit of soot and dust is fre- 
quently deteimined by cbuughts and currents of air. 
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Q. What is CHARCOAL ? 

A. Wood which has been exposed to 
a red heat, till it has been deprived of 
all its gases and volatile parts. 

Q. Whj/ is a charcoal fire haUer than a 
wood fire? 

A. Because charcoal is very pare 
carbon ; and, as it is the carbon of fuel 
which produces the glowing heat of 
combustion, therefore, the parer the car- 
bon, the more intense will the heat of 
the fire be. 

Q. Why does cha/rcoal remove the taint of 
meat? 

A. Because it absorbs all putrescent 
effluvia, whether they arise from animal 
or vegetable matter. 

Q. Why is WATER purified by being filtered 
through charcoal ? 

A. Because charcoal absorbs the im- 
purities of the water, and removes all 
disagreeable tastes and smells, whether 
they arise from animal or vegetable 
matter. 

Q. Why are water and wine casks charred 
imide ? 

A. Because charring the inside of 
a cask reduces it to a kind of charcoal; 
and charcoal (by absorbing animal and 
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vegetable impurities) keeps the liquor 
sweet and good. 

Q. Wk^ does a piece of burnt bread makt 
impure -water fit to drink ? 

A. Because the surface of the breafl 
(which has been reduced to charcoal by 
being burnt) absorbs the imparities of tha 
water^ and makes it palatable. 

Q. Why should toast arid water, placed bf 
the side of the sick^ he made o/* burnt bread? 

A. Because the charcoal surface of 
burnt bread prevents the water from 
being affected by the impurities of the 
sick room. 

Q. Why should sick persons eat dry toast 
rather than bread and butter ? 

A. Because the charcoal surface of 
the dry toast helps to absorb the acids 
and impurities of a sick stomach. 

There are other reasons which belong to the science of 
medicine. 

Q. Why are timbers which are to be exposed' 
to damp charred ? 

A. Because charcoal undergoes no 
change by exposure to air and water ; in 
consequence of which, timber will resist 
weather much longer after it has been, 
charred. 
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I 

CHAPTER VI 

LAMPS AND CANDLES. 
Q. Of what are oil, tallow, and wax cam- 

ir 

A. Principally of carbon and hydro- 
gen g-as. The solid part is carbon, the 
volatile part is Hydrogen gas. 

Q. WhM is CARBON ? 

A. A solid substance, generally of a 
black color; well known under the 
forms of charcoal, lamp-black, coke, &c. 

Q. What is hydrogen gas ? 

A. The principal ingredient of water. 
It burns so readily that it used to be 
called " inflammable air."* 

Common coal gas is a mixture of carbon and hydrogen, 
called " carburetted hydrogen." See p. 262. 

Q. A candle burns when lighted. Explain 
hovD this is. 

A. The heat of the lighted wick (fo- 
composes the tallow into its elementary 
parts of carbon and hydrogen ; and the 
hydrogen of the tallow^ combining with 
the oxygen of the air, produces j^ame. 

Q. Where is the tallow or wax of a candle 
'decomposed? 

A. In the loick. The melted tallow, 

* To make hydrogen gas, see p. 41. 
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or wax, rises up the unck by capillary 
attraction, and is rapidly decomposed by 
the heat of the flame. 

Q. WhU is capillary attract'um f 

A. The power which very minute 
tubes possess of causing* a liquid to rise 
in them above its level. 

"Capillary," from the Latin woid "capiUaris" {Ukea 
kair^ ; the tubes referred to are almost as fine and delicate 
as a hair. 

Water ascends throngh a lump of sugar, or piece of 
«ponge, by capiUary attraction. N. B.— The smaller a 
tube, the higher will a liquid be attracted by it. 

Q. Why is the flame of a candle hot? 

A. Because the flame liberates latent 
heat from the air and tallow. 

Q. How is LATENT HEAT liberated by the flame 

of a CANDLE? 

A. When the elements of the tallow 
combine with the oxygen of the air, latent 
heat is liberated by the chemical changes. 

Q. Why does the flame of a candle produce 

LIGHT? 

A. Because the chemical chanofes 
made by combustion excite undulations 
of ether, which (striking the eye) produce 
light. 

See p. 61. 
Q. Why is the flame of a candle tellow ? 
A. It is not so altogether ; only the 
outer coat of the flame is yellow — ^the 
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hwer part is mokt; and the inside of the 

flame hollow. 

Q. WTitf is the atUside of the flame YEi.i,ow1 
A. Because the carbon of the talhnjo 

(being* in a state of perfect combustion) 

is made white hot. 

See p. 50. 
Q. Why is the bottom part of the flame ffuf 
pie? 

A. Because it is overladen with hydro- 
gen^ raised from the tallow by the burn- 
ings wick; and this ga;s (which burns 
with a blue flame) gives the dark tinge 
to the bottom of the candle-flame. 

Q. Why is the TR^vb^ of the flame i^QiAuOwl 
A. Because it is filed with vapor^ 
raised from the candle by the heat of the 
wick^ and not yet reduced to a state of 
combustion. 

Q. Describe the differerd parts of the flame of 

a COmiMfl CANDLE. 

A. The flame consists of three cones. 
The innermost cone is hollow ; the inter- 
mediate one of a dingy purple hue; and 
the outside cone is yellow. 

Q. Why is the intermediate C4me of a flame 
PURPLE aa well as the bottom of the flame? 

A. Because the gases are not in a 
state of perfect combustion ; but contain 
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an excess of hydrogen^ which gives the 
flame a purple tinge. 

Q. Why is "not the mtddle cone in a state of 
perfect cambtbstion as weU as the outer one ? 

A. Because the outer cone prevents 

the oxygen of the air from getting to the 

middle of the flame; and without the 

free access of oxygen gas, there is no 

such thing as complete combustion. 

Q. Why does the flame of a candle point up- 
wards ? 

A. Because it heats the surrounding 
air, which (being hot) rapidly ascends^ 
driving the flame upwards at the same* 
time. 

Q. Why is the flame of a candle pointed at 
the top like a cone T 

A. Because the upper part of a flame 
is more volatile than the lower; and, as 
it affords less resistance to the air, is re- 
duced to a mere point. 

Q. Why are the lower parts of a flame lest 
volatile than the upper? 

A. Because they are laden with un- 
consumed gas and watery vapor, which 
present considerable resistance to the air. 

Q. Why is the flame of a candJe blown oirr 
by a puff of breath? 

A. Because it is severed from the 
wicky and goes out for want of support. 
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Q. Why does the flame of a candle make m 
GLASS {which is held over it) damp ? 

A. Because a "watery vapor" is 
made by the combination of the hydrogen 
of the, tallow with the oxygen of the air ; 
and this " vapor " is condensed by the 
cold glass held above the flame. 

Q. Why does our hand, held above a cavMe^ 
suffer Tnore from heat than when it is placed below 
the flame, or on one side of it? 

A. Because the hot gases and air 
(in their ascent) come in corUa^t with the 
hand placed abofoe the flame ; but when 
the hand is placed below the flame, or on 
one side, it only feels heat from radiaiion. 

Radiation: i. e., emission of rays. The candle-flame 
throws out rays of light and heat in all directions ; but 
when the hand is held above the flame, it not only feels the 
heat of the rays^ but also of the ascending current of hot 
avTy &c. 

Q. Why is a rush light eoctingimhed more 
quickly than a cotton-wick candle 1 

A. Because a hard rush imbibes the 
melted fat or wax much more slowly 
than porous cotton ; as it imbibes less 
fat, it supplies a smaller volume of corth- 
bustible gases ; and, of course, the light 
is more easily extinguished. 

Q. Why is it more difficult to blow out a cot- 
ton vnck than a rush light? 

A. Because porous cotton imbibes 
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the melted fat, or wax, much more quick- 
« ly than hard rush ; as it imbibes more 
fat, it supplies the flame with a larger 
volume of combustible gases; and, of 
course, the light is with more difficulty 
extinguished. 

Q. Whp is a oas flank more easily ex^»- 
guished when the jet is very slightly turned an, tham 
when it is in full stream f 

A. Because there is lesp volume of 

combustible gases in the small flame 

than in the full blaze. 

Q. Why does an eztinouishee put a camdJU 
out? 

A. Because the air in the extin- 
guisher is soon exhausted of its oxygen by 
the flame : and when there is no axy- 
gen^ flame goes out. 

Q. Why does not a candle set fire to a PiBOS 
cf PAPER twisted into an extinguisher^ and used as 
such? 

A. 1st — ^Because the flame very soon 
exhausts the oxygen contained in the pa-^ 
per extinguisher : and 

2dly — The flagoe invests the inside 
of the paper extinguislier with carbome 
acid gas J which prevents it from blazing. 

Q. Why is a long wick never upright f 

A. Because it is bent by its own 
weight. 
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Q. A LONG WICK is covered vnth an efflores^ 
OENCE at the top. What does this arise from f 

A. The knotty or flowery appear- 
ance of the top of a wick arises from an 
accumulation of particles partly separat- 
ed but still loosely hanging to the wick. 

Q. Why is not the end of a long wick burnt 
OFF 05 it hangs over the fiame, f 

A. Because the length of the wick 
diminishes t}\e heal of the Jlame; so that 
it is no longer hot enough to consume the 
wick. 

Q. Why do Palmer's metallic wicks never 
need snuffing ? 

A. Because the wick is divided into 
two parts, each of which bends toward 
the outside of the flame, where the end 
is intensely Iieated, and separ^ated from the 
wick by the current of air up the candle. 

N. B. The small wire twisted in the wick greatly assists 
the process. 

Q. Why do common candles require to he 

:BNUFFED ? 

A. Because the heat of the flame is 
fwit sufficient to consunie tlie xmck ; and 
the Uynger the wick grows, the less Iveat 
the flame produces. 

Q. Why do WAX CANDLES NEVER TUtd SNUFF- 

oro9 
A. Because the wick of wax candles 
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is made of very Jim thready which the 
heat of the flame is sufficient to consume. 
The wick of tallow candles (on the other 
hand) is made of coarse cotton, which is 
too substantial to be consumed by the 
heat of the flame, and must be cut off* 
by snuffers. 

Q. Why does a pin stuck in a rush liout 

EXTINGUISH U f 

A. Because a pin (being a good 
conductor) carries away the heat of the 
flame from the idck, and prevents the 
combustion of the tallow. 

Q. What is the smoke of a candle ? 

A. Solid particles of carbon, separat- 
ed from the wick and tallow, but not 
consumed. 

Q. Why are some pa/rticUs consumed and not^ 

OTHERS? 

A. The comhnstion of the carbon de- 
pends upon its combining tmth the oxygen 
of the air: now, as the outer surface of 
the fldLtne prevents the access of air to the 
interior parts, much of the carbon of 
those parts passes oifF in smoke. 

Q. Why do LAMPS SMOKE ? 

A. Either because the wick is cat 
unevenly, or else because it is turned up 
too high. 

4* 
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Q. Wky does a lamp smoke when the wick if 

cut UNEVENLY ? 

A. 1st — Because the points of the 
jagged edge (being very easily separated 
from the wick) bad thejlame ivith more 
carbon than it can consume ; and 

2dly — ^As the heat of the flame is 
greatly diminished by these bits of iricfc, 
it is unable to consume even the VMud 
quantity of smoke. 

Q. Why does a lamp smoke when the wick i$ 
turned wp too high? 

A. Because more carbon is separated 
from the wick than can be consumed by 
the flame, 

Q. Why do not ^ aroand burners '' smoke ? 

A. Because a current of air passes 
through the middle of the flame ; in con- 
sequence of which, the carbon of the 
interior is consumed, as well as that in 
the outer coating of the flame. 

Q. Why does a lamp-glass diminish the 
BUOKE of a lamp ? 

A. 1st — Because it increases the 
supply of oxygen to the flame, by produ- 
cing a draught ; and 

2dly — It concentrates and reflects the 
heat of the flame ; in consequence of 
which, tlie combustion of the carbon is 
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more perfect^ and very little escapes 
unconsuined. 



CHAPTER^ VII. 

ANIMAL HEAT. 

Q. What is the cause of animal heat ? 

A. Animal heat is produced by the 
combustion of hydi^ogen and carbon in 
the capillary vessels. 

Q. What are capillary vessels % 
A. Vessels as small as liairs running 
all amr the body ; they are called capil- 
lary from the Latin word " capiila'ris" 
{like a hair). 

Q. Do these capilla&t vessels run all aver 
the human body ? 

A. Yes. Whenever blood Jlows from 
a iDound, some vein or vessel must be 
divided ; and as you can bring blood 
from any part of the body by a very 
slight wound, these little vessels must 
run through every part of the human 
frame. 

Q. How do HYDROGEN gas and carbon get 
into these very little vessels ? 

A. The food we eat is corwerted into 
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blood; and blood contains both hydrogen 
and carbon, 

Q. How does combustion take place in the <x^ 
pillary vessels ? 

A. The carbon of the blood combines 
with oxygen of the air we breathe^ and 
forms mio^ carbonic oMgas. 

Q. What BECOMES of this carbonic acid gas 
formed in the human blood ? 

A. The lungs throw off almost all of 
it into the air, by the act of respiration. 
Q. What gas is genarated in a common fieb 

by COMBUSTION ? 

A. Carbonic add gas — ^formed by the 
union of the carbon of fuel with the oxy- 
gen of the air, 

Q. WTiat GAS is generated by a lighted candle 

or LAMP ? 

A. Carbonic acid gas — ^formed by 
the union of the carbon of the oil or tal- 
low with the oxygen of the air. 

Q. What is the cause of spontaneous com- 

BUSTrON? 

A. The piled-up goods ferment from 
heat and dump ; and (during fermenta- 
tion) carbonic ami gas is formed, which is 
attended with combustion. 

Q. Does the heat of the human bodt arise from 
the SAME CAUSE as the heat of fire ? 

A. Yes, precisely. The carbon of 
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the blood combines with the oxygen of the 
mr inhakdj and produces carbonic acid 
gas^ which is attended with combustion. 

Q. If animal heai is produced by combustion, 
why does not the human body burn up like a coal or 
candle? 

A. It actually does so. Every mus- 
cle, nervef and organ of the body, actu- 
ally iDO^es moay like a burning candle ; 
and (being* reduced to air and ashes) is 
rejected from the system as useless. 

Q. ^ every bone, muscle, nerve, and organ, is 
thus consumed by combustion, why is not the body 
entirely consumed ? 

A. It would be so, unless the parts 
destroyed were perpetually renewed : but 
as a lamp will not g-o out, so long as it 
is supplied with fresh oil — neither will 
the body be consumed, so long as ' it is 
supplied with mfficient food. 

Q. What U the principal difference between 
the combustion of a fire or labip and that of the 

HUMAN BODY ? 

A. In the human body, the combus- 
tion is effected at a much lower temper- 
ature; and is carried on more slowly^ 
than it is in a lamp or fire. 

Q. How is it that carbon can be made to bum 
at 80 LOW a temperature in the human body ? 

A. Because the carbon in the blood 
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is reduced to very minute particles ; and 

these particles are ready to undergo a 

rapid change as soon as oxygen is 

supplied. 

Q. When a man is starved, te^Aol parts of the 
body go first ? 

A. First the fat^ because it is the 
most combustible ; then then muscles ; 
last of all the bmin ; and then the man 
dies, like a candle which is bunU out. 

Q. Why does want of sftifficieni nourisbbient 
often produce madness 1 

A. Because after the fat and musdes 
of the body have been consumed by ani- 
mal combustion, the brain is next attack- 
ed ; and (unless the patient dies) mad- 
ness ensues, 

Q. Why does a man shrink when starved ? 

A. Because the capillary fires feed 
upon the human body when they are not 
supplied with food-fuel. A starved man 
shrinks ^'i^/ as a fire does, when it is not 
supplied with fuel. 

Q. What is the fuel of the body ? 

A. Food is the fuel of the body. 
The carbon of the food mixing with the 
oxygen of the air^ evolves heat in the 
same way that a fire or candle does. 

Q. Why is every part of the body warm 1 
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A. Because the capillary vessels run 
through every part of the human body, 
and the combustion of blood takes pkioe 
in the capillary vessels. 

Seep. 84. 

Q. Why does RUNNING make iu warm ? 

A. Because we inhale air mare ra- 
pidly when we run, and cause the blood 
to pass more rapidly through the lungs 
in contact with it. Running acts upon 
the capillary vessels as a pair of beUaws 
on a common ^r6. 

Q. Why does inhalino air rapidlt make the 
body feel warm? 

A. Because more oxygen is intro- 
duced into the body. In consequence 
of which, the combustion of the blood is 
more rapid — the blood itself more heated 
— and every part of the body is made 
warmer. 

Q. Why does hard work produce hunger ? 

A. Because it produces quicker respi- 
ration ; by which means, a larger amount 
of oxygen is introduced into the lungs, 
and the capillary combustion increased. 
Hunger is the notice (given by our body) 
to remind us that our foodrfuel must be 
replenished. 

Q. Why does sinqing make us hungry ? 
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% 

A. Because it increases respiration; 
and, as more oxx^en is introduced into 
the lung-s, our food-fuel is more rapidly 
amsumed, 

Q. Why does reading aloud make us fed 

HUNGRY ? 

A. Because it increases respiration; 
and, as more oxygen is introduced into 
the lung's, our fi^dfael is more rapidly 
consumed. 

Q. Why do we feel less hungry in the nigkt 
than in the day ? 

A. Because we breathe more slowly 
during sleep; therefore, less oxygen is 
introduced into the lungs, to consume our 
foodfueL 

Q. Why do we need warmer clothing by 
NIGHT than by day ? 

A. 1st — Because ihe night isgener- 
ally colder than the day ; and 

2dly — Our bodies are colder also ; be- 
cause we breathe more slowly, and our 
animal combustion is retarded. 

Q. Why do we perspire whe7h very hot f 

A. The pores of the body are like the 
safety valves of a steam-engine ; when 
the heat of the body is very great, some 
of the combustible matter of the blood 
is thrown off in perspiration; and the 
heat of the body kept more temperate. 
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Q. Why do persoThS feel lazy and averse to 
exercise when they are half-starved or ill-fed? 

A. Anirrmfood contains great nou- 
rishment, and produces a desire for active 
occupations ; but, when the body is not 
supplied with strong food, this desire 
for muscular action ceasesy and the person 
grows slothful. 

Q. Why have persons who foUout hard, out- 
of-doors OCCUPATIONS more appetite than thou 
who are engaged in sedentary pursuits f 

A. Hard bodily labor in the open air 
causes much oxygen to be conveyed into 
the lungs by inspiration ; the combustion 
of the food is earned on quickly ; animal 
heat increased; and need for nutritious 
food more quickly indicated by craving 
hunger. 

Q. Why have persons who follow sedentary 
PURSUITS less APPETITE /Aaw ploughmen and masons? 

4. 1st — Because the air they inhale 
is less pure, being deprived of some of 
its oxygen : and 

A. 2dly — Their respiration is neither 
so quick^ nor so strong ; and, therefore, 
the combustion of their food is carried on 
more slowly. 

Q. Why do we like strong meat and grsast 
food when the weather is very cold ? 

A. Because strong meat and grease 
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contain large portions of carbon ^wAhy- 
drogen; which ('when burned in the 
blood) produce a larger amount of heat, 
than any other kind of food. 

Q. Why do persons eat more food in cold 
weather than in hot ? 

A. Because the body requires more 
fuel in cold weather, to keep up the same 
amount of animal heat ; and as we put 
more coah on a fire on a cold day, to keep 
our room warm ; so we eat more food 
on a cold day, to keep our body warm. 

Q. Why does cold produce hunger ? 

A. 1st — Because the air contains 
more oxygen in cold weather; and, there- 
fore, ^res bam more fiercely, and animal 
comhistion is more rapid : and 

2dly — As we are more active in cold 
weather, our increased respiration acts 
l^ a pair of bellows on the capillary 
combustion. 

Q. Why does rapid digestion produce a cro" 
tnn^ appetite? 

A. This is a wise providence to keep 
our bodies in health ; they give notice (by 
hunger) that the capillary fires need re- 
plenishing, in order that the body itself 
may not be consumed. 

Q. Why do toe feel a desire for activity in 
cold voeather f 
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A. 1st — ^Because activity increases 
the warmth of the body, by fanning the 
combustion of the blood : and 

2dly — The strong food we eat creates 
a desire for muscular exertion. 

Q. Why are the Esquimaux so passiofuUdp 
fend 0^ TRAIN OIL and whale blubber % 

A. Because oil and blubber contain 
large quantities of carbon and hydrogen^ 
which are exceedingly combustible; 
and, as these people live in climates of 
intense cold, the heat of their bodies is 
increased by the greasy nature of ihdr 
food. 

Q. Why do we fed a dislike to strong meat 
and greasy food in very hot weather f 

A. Because strong meat and grease 

contain so much carbon and hydro^en^ 

that they would make us intensely hot: 

we therefore, instinctively refuse them in 

hot weather. 

Q. Why do we like fruits and vegetables 
most in hot weather ? 

A. Because they contain less hydro- 
gen and, carbon than meat ; and, there- 
fore, produce both less bloody and blood 
of a less combustible nature, 

Q. Why is the Mood of a less combustible na» 
iure, if we live chiejly upon fruits and yeoetablcs ! 

A. Because fruits and vegetablefti 



TXS CHEMICAL ACTIOK. 

supply the blood with a very lorge 
amount of water; which is not combdsd^ 
ble, like the carbon and hydrogen of 
strong meat. 

Q. How do FRUITS afid vegetables cool the 

BLOOD ? 

A. 1st — They diminish the amount of. 
carbon and hydrogen in the blood, which 
are the chief causes of animal heat : and 

2dly — ^They supply the blood with a 
large amount of water^ which exudes 
through the skin^ and leaves the body 
cool. 

Q. Why do we fed lazy and averse to activity 
in very hot weather 1 

A. 1st — Because muscular activity 
increases the heat of the body, by qakk- 
ening the respiration : and 

2dly — The food we eat in hot wea- 
ther (not being greasy) naturally abates 
bur desire for bodily activity. 

Q. Why do the inhabitants {f tropical coun^ 
tries live chiefly upon rice and fruit ? 

A. Because rice and fruit (by diges- 
tion) are mainly converted into water ; and 
(by cooling the blood) prevent the tropical 
heat from feeling so oppressive. 

Q, Why are the ill«fed instinctively avebsk 

tiOLBANLINESS? 
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A. Because cleanliness increases kan- 
gefy which they cannot allay by food. 

Q. Wky are the ill-clad €lUo imtinctivdy 
averse to cleanliness ? 

x\. Because dirt is irarm, (thus pigs, 
who love warmthj are fond of dirt) ; to 
those, therefore, who are very ill-dady 
(he warirUh of dirt is agreeable. 

Q. Why are very poor people instinctively 

AVERSE to VENTILATION ? 

A. 1st — Because ventilation increases 
the oxygen of the air — the combustion of 
food — and the cravings of appetite : and 

2dly — Ventilation cools the air of our 
rooms : to poor people, therefore, who are 
ill-clad, the warmth of an ill-ventilated 
apartment is agreeable. 

Q. Why doe$ flannel, 4*^., make u$ warm T 

A. Flannel and warm clothing do 

hoi rrmhe us warm, but merely prevent 

owr body from becoming cold. 

Q. How does flannel, 4*^., prevent owr body 
from becoming cold 1 

A. Flannel (being a bad conductor) 
will neither carry off the heat of our body 
into the cold air, nor suffer the cold of 
the air to come in conta^ct vnth our loarm 
body : and thus it is, that flannel clothing 
keeps us warm. 



94 MECHANICAL ACTION. 

Q. Why are frogs and fishes cold-blooded 
animaU f 

A. Because they consume very little 
air ; and, without a plentiful supply of 
air, combustion is loo slow to generate 
much animal heat. 

Q. Why is a dead bodt cold ? 

A. Because air is no longer conveyed 
Xo the lungs, after respiration has ceased ; 
and, therefore, animal heat is no longer 
generated by combustion. 



MECHANICAL ACTION. 

CHAPTER VIII. 

1. — Percossion. 

Q. How is heat produced by m|:chanical ac- 
tion? 

A. 1. — By Percussion. 2.— By Fric- 
tion. And 3. — By Condensation. 

Q. WTuU is meant by percussion ? 

A. Tlie act of striking ; as when a 
blacksmith strikes a piece of iron on his 
anvil with his hammer. 

Q. Why does striking iron make it red hot 9 

A. Because it condenses the particles 
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of the metal, and makes the latent heat 
senile, 

Q. Does COLD iron coniain heat ? 

A. Yes; eoerythir^ contains heat; 
but, when a thing fern cold, its heat is 

LATENT. 

Q. WJuU is meant by xatent heat ? 

A. Heat not perceptible to oar feelings. 
When anything contains heat without 
feeling the hotter for it, that heat is 
called " latent heatP 

See p. 87. 
Q. Does COLD iron contain latent heat ? 

A. Yes ; and when a blacksmith 
compresses the particles of iron by his 
hammer, he brings out latent heat ; and 
this makes the iron red hot. 

Q. How used blacksmiths to light their 
matches before the general use oflucifers ? 

A. They used to place a soft iron 
nail upon their anvil ; strike it two or 
three times with a hammer; and the 
point became sufficiently hot to light a 
brimstone match. 

Q. How can a nail (beaten by a hammer) 
ignite a brimstone match ? 

A. The particles of the nail being 
(Compressed by the hammer, can no longer 
contain so much heat in a latent state^ aa 



96 MECHANICAL ACTION. 

they did before; some of it, therefore, 
becomes sensible, and increases the tem- 
perature oi the iron. 

Q. Why does striking a flint ogainH a 
piece of steel produce a spark ? 

A. Because it compresses those parts 
of the flint and steel which strike toge- 
titer. In consequence of which, some of 
their latent heat is disturbed, and exhi- 
bits itself in a spark. 

Q. How does this developmerU of b^at product 
a SPARK aTid set tinder on fire? 

A. A very small frag-ment (either of 
the steel or flint) is knocked off red hotj 
and sets fire to the tinder on which it 
falls. 

Q. Why is it needful to keep blowing iks 

tinder with the breath f 

A. In order that the increased sup- 
ply of air may furnish the tinder with 
more oxygen to assist combustion. 

Q. Where does the oxygen of the air comb 
FROM, which is blown to the lighted tinder f 

A. From the air itself, which is com- 
posed of two gases {nitrogen and oxygen) 
mixed together. 

Bvery 5 gallons of common air contain nearly 4 gallons 
of nitr(^en, and 1 of oxygen. 

Q. What is the usb of oxtgen gab to lighkd 
AsdtT t 
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A. It supports the combustion of the 
tinder. Blowing lighted tinder carries 
oxygen to it and quickens it, in the same 
way as a pair of bellows quickens a dull 
fire. 

Q. Why do HORSES sometimes strike firs 
ivith their feet ? 

A. Because when their iron shoes 
strike against the flint stones of the road, 
very small fragments (either of the shoe 
or stones) are knocked off red kotj and 
look Hke sparks. 

Q. What makes these fragments red hot 1 

A. The percussion condenses the part 
struck : In consequence of which, some 
of its latent heat is rendered sensible, and : 
exhibits itself in these red hot fragments.. 
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2. — Friction. 

Q. What is meant by friction ? 

A. The act of nMing two . things fi>- 
gether ; as the Indians rub two pieces of 
wood together to produce fire. 

Q. How do the Indians produce fire by. merdu , 

BUBBING TWO PIECES cf dry WOOD TOGETHER? 

5 
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A. They lake a' piece of dry wood, 
sharpened to a point, which they rub 
quickly up and down a fiat piece, till a 
^oove is made ; and the dust (collected 
in this groove) catches fire. 

Q. Why does the dust of the wood catch fire 

bjf RUBBING ? 

A. Because latent heat is developed 
from the wood by friction. 

The best woods for this purpose are boxwood againat 
9wlberry, or laurel against poplar or ivy. 

Q. Do not CARRIAGE WHEELS sometimes catcb 

FIRE? 

A. Yes ; when the wheels are dry — 
or fit too tightly — or revolve very rapuUy. 

Q. Why do wheds catch fire in such cases ? 

A. Because the friction of the wheels 
against the a^e4ree disturbs their latent 
heatj and produces ignition. 

Q. What is the tise o^greasino cart wheels ? 

A. Grease lessens tfie friction ; and, 
because there is less friction, the latent 
heat of the wheels is less disturbed. 

Q. Why does rubbing our hands and faces 
■make them fed warm? 

A. . 1st — Because friction excites the 
latent heat of our hands and faces, and 
makes it sensible to our feeling : and 

2dly — ^The blood is made to circulate 
more quickly ; in consequence of which, 
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the quantum of heat (left in its passage) 
is increased. 

Q. WTien a man has been almosi drowned, 
why is suspended animation restored by rubbing % 

A. 1st — Because friction excites the 
latent fieat of the half-inanimate body : 
and 

2dly — It makes the blood circulate 
m&re quickly, which increases the animal 
heat. 

Q. Why do two pieces of ice {rMed together) 

MELT? 

A. Ice contains 140 degrees of latent 
fieat, and (when two pieces are rubbed 
together) some of this latent heat is made 
sensibky and melts the ice. 

Q. Are not forests sometimes set on fire bff 
friction ? 

A. Yes ; when two branches or 
trunks of trees (blown about by the 
wind) rub violently against exich otlier^ 
their latent Iieat is developed, and sets fire 
to the forests. 

Q. Why do carpenters' tools (swh as gimlets^ 
saws, files, ^c.) become hot when used f 

A. Because the friction of the tools 
against the wood disturbs its UUent heat^ 

and makes it sensible. 

Q. Give an illustration of this. 

A. When cannon is bored, the borers 
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become so intensely hot from friction, that 

they would blister the hands, if touched. 

Q. Why do these borers become so intensely 

HOT? 

A. Because the friction of the borers 
against the metal is so great, that it sets 
free a large quantity of latent heat. 



CHAPTER X. 
3. — Condensation or Compression.* 

Q. Wh^ is meant by compression 1 
A. The act of bringing parts nearer 
together ; as a sponge is compressed by be- 
ing squeezed in the hand. 

Q. Cannot heat he evolved from common air 
merely by compression 1 

A. Yes ; if a piece of German tinder 
be placed at the bottom of a glass tube^ 
and the air in the tube compressed by 
a piston^ the tinder will catch fire. 

In a common syringe or squirt, the handle part (which 
contains the sticker, and is forced up and down) is called 
" the Piston." 

* N. B. The reduction of matter into a smaller com- 
pass by any external or mechanical force is called com* 

PRESSION. 

The reduction of matter into a smaller compass by some 
iiUemal action (as by the escape of caloric) is called con- 
densation. 
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Q. Why will the tinder catch fire f 
A. Because the air is compressed; 
and Us latent heat being squeezed auty 
sets fire to the tinder at the bottom of 
the tube. 

Q. When an air-gun i$ discharged in the 
da/rk^ why is it accompanied with a slight flash ? 

A. Because the air is very rapidly 
condensed, and its latent heat developed 
in ajlash of light. 

N. B. If a glass lens be fixed in the copper ball, (where 
the air of the gun is condensed^) a flash of light may be 
distinctly discerned at the stroke of the piston. 

Q. Why do detonating salt and powder ex- 
plode on being rtbbhed or struck ? 

A. Because the mechanical action of 
rubbing" or striking, produces sufficient 
heat to ignite the explosive materials of 
which they are composed. 

Q. Why are shot and cannon-balls heated 
by being discharged from a gun or cannon ? 

A. Because the air is so rapidly con* 
densed, when the discharge is made, that 
sufficient latent heat is developed to 
make the shot or balls hot. 

Q. Why does the hole made by a shot or canr 
fum'baU in a wall or timber, look as if it were burnt ? 

A. Because the shot or cannon-balls 
were so heated by the discharge, as ac- 
tually to scorch. the material into which 
they penetrated. 
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EFFECTS OF HEAT. 

CHAPTER XL 

1. — ^Expansion. 

Q. WTiat are the principal effects of heat 1 
A. 1. — Expansion. 2. — Liquefac- 
tion. 3. — ^Vaporization. 4. — Evapora- 
tion ; and 5. — Ignition. 

Q. Does HEAT EXPAND AIR '? 

A. Yes ; if a bladder (partially filled 
with air) be tied up at the neck, and laid 
before thejire, the air will expand till the 
bladder bursts. 

Q. Why will the air swell ^ the bladder be 
laid before the fire ? 

A. Because the heat of the fire will 
drive the particles of air apart from ea^ch 
eiher^ and cause them to occupy more 
l-oom than they did before. 

Q. Why do unslit chestnuts crack iffitk a 
loud noise when roasted ? 

A. Because they contain a g-reat deal 
of air which is expanded by the heat of 
the fire ; and not being able to escape, 
bursts violently through the thick rind, 
slitting it, and making a great noise. 
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Q. What occasioTis the loud crack or report 
vhieh we hear ? 

A. 1st — ^The sudden bursting of th§ 
rind makes a report ; in the same way 
as a piece of wood or glass would do, if 
snapped in two : and 

2dly — The escape of hot air from the 
chestnut makes a report also; in the 
same way a,s gunpowder, when it escapes 
from a gun. 

Q. Why does the sudden bursting cfthe rind^ 
or SNAPPING of a piece of wood, make a report? 

A. Because a violent jerk is given 
to the air, when the attraction of cohe- 
sion is thus suddenly overcome. This 
jerk produces rapid undulations in the 
air, which (striking" upon the ear) give 
the brain a sensation of sound. 

Q. Why does the escape of ajk from the chest- 
nut, or the EXPLOSION of gunpowder, produu a 

REPORT ? 

A. Because the sudden expansion of 
the imprisoned air produces a partial 
vacuum ; the i^eport is caused by the 
rushing of fresh air to fill up this vacuum. 

See Thunder, p. 15. 

Q. ^a CHESTNUT be slit, it will not crack,- 
why is this ? 

A. Because the heated air of the 
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chestnut can then freely escape through 
the slU in the rind, 

Q. Why does an apple split and spitrt ahoui 
when roasted? 

A. Because it contains a vast quanti- 
ty of air^ which (being* expanded by the 
heat of the fire) bursts through the peel, 
carrying the juice of the apple along 
with it. 

Q. Does an apple cotUain more air in propor- 
tion than a chestnut ? 

A. Yes, much more. There is as 
much condensed air in a common apple, 
as would fill a space 48 times as large 
as the apple itself. 

Q. How can all this air be stowed in an apple ? 
. A. The insicb of an apple consists of 
little cells (like a honey-comb), each of 
which contains a portion of the air. 

. Q. WTien an apple is roasted, why is one 
pa/rt made soft, while all the rest remains hard ? 

A. Because the air in those cells next 
^the fire is expanded, and flies out; the 
cells are broken, and their juices mixed 
together; so the apple collapses (from loss 
of air and juice), and feels soji in those 
parts. 

Q. What is meant by the " apple collapsing V* 

, A. It means that the ^/um^ness gives 
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way, and the apple becomes JUMy and 
shrivelled, 

Q. Why do sparks of fire start (toUh a crack- 
ling noise) from pieces of wood laid upon a fire T 

A. Because the air (expanded by 
the heat)^ces its way through the pares 
of the wood; and carries along with it 
the covering of the pore, which resisted 
its passage. 

Q. What is meant hy the '^ pores of the wood !" 

A. Very small holes in the loood^ 
through which the sap circulates. 

Q. What are the sparks of fire which burst 
from the wood ? 

A. Very small pieces of wood made 
red hot, and separated from the log by 
Xhe farce of the air, when it bursts from 
its confinement. 

Q. Why does drt pine make more snapping 
than any other wood 1 

A. Because the pores of pine are very 
large, and contain more air than wood 
of a closer grain. 

Q. Why does oreen wood make less snap- 
ping than DRY ? 

A. Because the pores being filled 
with sap, contain very little air. 

Q. Why does drt wood make more snappinq 
than green? 

5* 
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A. Because the sap is dried up, and 
the pores are filled Y^ith air instead. 

Q. Why does dry wood burn fnore easily than 
GREEN or wet wood ? 

A. Because the pores of dry wood 
are filed with air which supports com- 
bustion ; but the pores of green or wet 
wood are filled with moisture^ which ex- 
tinofuishes flame. 

Q. Why does moisture extinguish flame T 

A. 1st — Because it prevents the hy- 
drogen of the fuel from mixing" with the 
oxygen of the air, to form carbonic add 
gas; and 

2dly — Because heat is perpetually 

carried off*, by the formation of the sap 

or moisture into steam. 

Q. Why do stones snap and fly aboui when 
heated in the fire ? 

A. Because the close texture of the 
stone prevents the hot air from escaping ; 
in consequence of which, it bursts fortk 
rcith great violence, tearing* the stone to 
atoms, and forcing* the frag'ments into 
the room. 

Probably some part of this effect is due to the setting 
free of the wa'^r of crystaUization. 

Q. When bottled ale or porter is set before a 
riRE, why is the cork forced out sometimes ? 

A. Because the carbonic a^id of the 
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liquor expands by the heat, and drives 
out the cork. 

Carbonic acid gas is a compound of carbon and oxygen. 
The carbon comes from the/w«/, and the oxygen from the 
air. See p. 40. 

Q. Why does ale or porter froth more afUr 
%t has been set before ike fire ? 

A. Because the heat of the . Are sets 
free the carbcmic add of the liquor ; 
which is entangled as it rises throug'h 
the liquor, and produces bubbles or froth. 

Q. Whe7i a boy makes a balloon, arid sets 
fire to the cotton or sponffe {which has been steeped in 
spirits oftmne), why is the balloon inflated? 

A. Because the air of the balloon is 
expanded by theflamSy till every crumple 
is inflated and made smooth. 

Q. Tlliy does the balloon rise afi^ it has 
been inflated by the expanded air ? 

A. Because tne same quantity of air 
is expanded to three or fmir times its ori- 
ginal volume ; and made so much lighter ^ 
that even when all the paper, wire, and 
cotton are added, it is still lighter than 
common air. 

Q. Why does smoke rush up a chimney ? 

A. Because the heat of the Are ex- 
pands tfie air in the chimney ; which 
(being thus made lighter than the air 
around) rises up the chimney, and carries 
the smoke in its current. 
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Q. Why will a long chimney sdioke, unk$$ 
the FIRE be pretty fierce ? 

A. Because the heal of the fire will 
not be sufficient to rarefy oM the air in 
the chimney. 

Q. Why wUl the chimney smoke, unless the fire 
be FIERCE eiiough to heat all the air in the chimney 

FLUE? 

A. Because the cold air (condensed 
in the upper part of the flue) loill sink 
from its own weight ; and sweep the as- 
cending smoke ha/Jc into the room. 

Q. What is the use of a cowl upon a chim' 
ney-pot ? 

A. It acts as a screen, to prevent the 
wind from blowing* into the chimney. 

Q. What HARM would the wind do if it were 
to BLOW iriio a chimney ? 

A. 1st — It would prevent the smoke 
from getting* out ; and 

2dly — The cold air introduced into 
the chimney by the wmd) would faU 
down the fine, and drive the smoke with 
it into the room. 

Q. Why are some things solid, others liquid, 
and others gaseous ? 

A. Because the particles which com- 
pose some things are nearer together 
than they are in others. Those in which 
the particles are closest are solid; those 
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in which they ^ve farthest apart are gas- 
earn ; and the rest liqiAid, 

Q. Why does heat change a solid {like ice) 
first into a liquid, and, then into a oar ? 

A. Because heat drives the compo- 
nent particles further asunder ; hence a 
certain quantity of heat changes solid ice 
into a liquid — and a further addition of 
heat changes the liquid into steajn. 

Q. Why does water simbier before it boils ? 

A. Because the particles of water 
fienr the bottom of the kettle (being form- 
ed into steam sooner than the rest) shoot 
upwards; but are condensed again (as 
they rise) by the colder water, and pro- 
duce what is called " simmering." 

Q. What is meaiU by simmerino ? 

A. A gende tremor or und^ilation on 
the surface of the water. When water 
simmers, the bubbles collapse beneath the 
surface, and the steam is condensed to 
laater again ; but when water boils, the 
bubbles rise to the surface^ and the s^eam 
is thrown off. 

Collapse, i. e., burst. 
Q. Why does a kettle sino when the vfoter 
simmers ? 

A. Because the air (entangled in the 
water) escapes hy Jits and starts through 



110 EFFECTS OP HEAT. 

the spout of the kettle, which makes a 
noise like a wind instrument. 

Q. Why does not a kettle sing when the water 

BOILS ? 

A. Because all the water is boiling 
hot ; so the steam escapes in a continur 
ous stream, and not by JUs and starts. 

Q. When does a kettle sing most ? 

A. When it is set on the hob to boil. 

Q. Why does a kettle sing more when it is sei 
on the SIDE of afire, than when it is set in the midst 
of the fire? 

A. Because the heat is applied so 
umqaally, that one side is made heater 
than the other; in consequence of which, 
the steam is more entangled, 

Q. Why does a kettle sing, when the boiling 
water begins to cool again ? 

A. Because the uj^er surface cools 
first; and the steam (which rises from 
the lower part of the kettle) is again en- 
tangkdy and escapes by^s and starts. 

Q. Why does boiling water swell ? 

A. Because it is expanded by the heat : 
i. e. — The heat of the fire drives the par- 
ticles of water further apart from each 
other : and (as they are not packed so close- 
ly together) they take up m^ore room ; in 
other words, the water swells. 
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Q. What is meant when it is said, that " heat 
drives ike particles of water further apart from 
each other V 

A. Water is cx)mposed of little glo- 
bules, like very small grains of sand ; the 
heat drives these particles away from 
each other ; and (as they then 'require 
more room) the water swells. 

Q. Why does boiling water bubble ? 

A. Because the vapor (rising through 
the water) is entangled, and forces up 
bubbles in its effort to escape. 

N. B. All the air of water is expelled at the commence- 
ment of its boiling. 

Q. Whif does a kettle sometimes boil over ! 

A. Because the water is expanded by 
heat; if, therefore, a kettle is JUled tcith 
cold water, some of it must run over^ as 
soon as it is expanded by heat. 

Q. BtU I have seen a kettle boil over, al- 
though it has not been filled full of water ; how do 
you account for that? 

A. If a fire be very fierce, the air and 
vapor are expelled so rapidly, that the 
bubbles are very numerous; and (tower- 
ering one above another) reach the top 
of the keUky and fall over. 

Q. Why is a pot {which was full to over- 
VLOWiNo, while the water was boiling hot) not 
FULL, after it has been taken of the fire for a short 
time? 
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A. Because (while the waterjs boil- 
ing) it is expanded by the heat, and fills 
the pot even to overflowing : but, when 
it becomes cool, it contracts again, and 
occupies a much less space. 

Q. Whp does the water of a kettle run out 
of the SPOUT when it boils ? 

A. Because the lid fits so tightly, that 
the steam cannot lift it up and escape : 
being confined, therefore, in the kettle, it 
presses on tlie water with great power, 
and forces it out of the spout. 

Q. WhcU causes the rattling noise, so often 
made by the lid of a saucepan or boiler ? 

A. The steam (seeking to escape) 
forces up the lid of the boiler, and the 
weight of the lid carries it ioc/c again : 
this being done freqaentlyy produces a 
rattling noise. 

Q. ^ the steam could not lift up the led 
of the bailer how would it escape ? 

A. If the lid fitted so tightly, that the 
steam could not raise it up, the boiler 
would hurst into fragments^ and the con- 
sequences might be fatal. 

Q. When steam powrs out from the spout of a 
kettle, the stream begijis a/pparerUly half an inch 
off the spout ; why does it not b^n close to the 
spout? 

A. Steam is really invisible; and the 
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half-inch (between the spout and the 
" stream ofmist\ is the real steam^ before 
it has been condensed by air. 

Q. WTty is not all the steam iNVisraLB m 
well as that half-iTich f 

A. Because the invisible particles are 

condensed by the cold air ; and, rolling 

one into another, look like a thick mist 

Q. WTuU BECOMES of the STBAM ? for it swm 
vanishes. 

A. After it has been condensed into 
mist, it is dissolved by the air, and dispers- 
ed abroad as invisible vapor. 

Q. And what becomes of the invisible vapok % 

A. Being" lighter than air, it ascends to 
the upper regions of the atmosphere, 
where (being again condensed) it contri- 
butes to form clouds, 

Q. Why does a metal spoon {l^ in a sauce" 
fM>n) RETARD the procBss of boiling ! 

A. Because the metal spoon (being 
an excellent conductor) carries off the heat 
Jrom the water ; and (as heat is carried 
off by the spoon) the water takes a long- 
er time to boil. 

Q. Why will a pot {filled with water) netbe 
boil, when immersed in another vessel full of water 
also? 

A. Because water can never be heat- 
ed above the boUing point; all the heat 
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absorbed by water after it boUs, is em- 
ployee! in g-enerating" steam. 

Q. How does the conversion of water into steam, 
prevent the inner tot from boiling ? 

A. Directly the water in the larg'er 
pot is boiling hot (or 212°), steam is form- 
ed and carries off some of its heat ; there- 
fore, 212° of heat can never pass through 
it, to raise the inner vessel to boUing 
heat. 

Q. Why do SUGAR, SALT, 4"^., RETARD thepro- 

cess of BOILING 7 

A. Because they increase tlie density 
of water ; arid whatever increases the 
density of a fluid, retards its boiling. 

Q. ^ you want water to boil vfithoiU comino 
IN CONTACT with the SAUCEPAN, what plan must you 
adopt? 

A. We must immerse the pot (contain- 
ing^ the water to be boiled) in a sauce- 
pan containing strong brine, or sugar. 

Q. Why wovM the inner vessel boil, if the 
OUTER vessel contained strong brine ? 

A. Because brine will not boil, till it 
is raised to 218 or 220°. Therefore, 
212° of heat may easily pass through 
it, to raise the vessel immersed in it to boU- 
ing heat. 

Q. Why vM brine impart to arudher vend 
MORE than 212^, and water not so much % 
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A. Because no liquid can impart so 
high a degree of heat, as its own boUing 
temperature : As water boils at 212^ it 
cannot impart 212° of heat : but, as brine 
will not boil without 21° of heat, it can 
impart enough to make water boil. 

Q. Why can liquids impart no extra heat, 
after they bail ? 

A. Because all ea:tra heat is spent in 
making steam. Hence water will not' 
boil a vessel of water immersed in it, be- 
cause it cannot impart to it 212° of 
heat ; but brine will, because it can im- 
part more than 212° of heat, before it is 
i/se//* converted into steam. 

Syrup boils at - - 221 degs. 
Oil of turpentine - 814 " 
Sulphuric acid - - 472 " 

Linseed oil 640 " 

Mercury 666 " 

Any liquid which boils at a lower degree can be made to 
boil, if immersed in a liquid which boils at a higher degree. 
Thus a cup of ether can be made to boil in a saucepan of 
water. A cup of water in a saucepan of briwe or syrup. 
But a cuf ofwaJber will not boil, if immersed in ether; nor 
a cwp of syrup in water. 

Q. Why are clouds higher on a pine day ? 

A. Because they are lighter^ and 

mare hum/ant. 

Q. Why a/re clouds lighter on a fine day ¥ 
A. 1st — Because the vapor of the 
clouds is less conde7ised; and 



Ether boils at- - 100 degs. 

Alcohol 173* •' 

Water 212 " 

Water, with one- 
fifth salt - . 219 " 
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2dly — The air itself (on a fine day) 
retains much of its vapor in an invisible 
form. 

Q. Why is a cup put inverted inio a pruit- 

PDB? 

A. Its principal use is to hold the 
crust upf and prevent it from sinking, 
when' the cooked fruit gives way under it. 

Q. Does not the cu/p prevent the fruit cf the 
pie from boiling over? 

A. No — it will rather tend to mahe it 
boil over, as there will be less room in 
the dish. 

Q. Explain this. 

A. When the pie is put into the oven 
the air in the cup will begin to expand, 
and drive every particle of juice from 
under it ; in consequence of which, the 
pie-dish will have a cup-full less room to 
hold its fruit in, than if the cup were 
taken out. 

Q. ^ the juice is driven out of the cup, why is 
^ CUP always full o/" juice when the pie is cue up f 

A. Because immediately the pie is 
drawn, the air in the cup begins to con- 
dense again, and occupy a smaller space ; 
and, as the cup is no longer full of air, 
juice rushes in to occupy the void. 

Q. Why does juice rush into the cup when the 
cup is not full of air ? 
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A. Because the external air presses 
upon the surface qftfie juice, which rushes 
unobstructed into the cup; as mercury 
rises through the tube of a barometer. 

N. B. Since the juice of the pie runs into the cup, as 
soon as it is taken out of the oven ; the cup prevents the 
juice from being spiU over the crusty when the pie is carried 
about from place to place ; although it does not prevent 
the fruit from boiling over. 



CHAPTER XII. 

Expansion prom Heat. 

(Qmtinued,) 

Q. Does heat expand everything else besides 
uvr and water f 

A. Yes : every thing (that man is ac- 
quainted with) is expanded by heat. 

Q. Why does a coopbr heai his hoops rxd 
HOT when he puts them an a tttb ? 

A. 1st — As iivn expands by heat, the 
hoops will be larger when they are red 
hot ; in consequence of which, they will 
fit on the tub nwre easily : and 

2dly — As iron contracts by cold, the 
hoops will shrink as they cool down, and 
girt the tub with a tighter grasp. 

Q. Why does a wheelwright make the hoops 
USD HOT which he fixes on the nave of a wheel ? 
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A. 1st — That they may fit on mare 
easily: and 

2(ily — That they may girt the naoe 
more tightly. 

Q. Why vnll the wheeltorighfs hoop fit ike 
na/ct MORE EASILY, ybr hdng tnade red hot? 

A. Because it will be expanded by 
the heat ; and (being larger) will go oD' 
the nave more easily, 

Q. Why wiU the hoops which have been put 
ON HOT GIRT the TUbve more firmly? 

A. Because they will shrink when 
they cool down ; and, therefore, girt the 
nave loith a tighter grasp, 

Q. Why does a stove make a craokliko 
NOISE when afire is very hot f 

A. Because it expands from the heat ; 
and the parts of the stove rubbing 
against each other, or driving against 
the bricks^ produce a crackling noise. 

Q. Why does a stove malce a similar crack- 
lino NOISE when a large fire is taken down ? 

A. Because it contracts again^ when 
the fire is removed ; in consequence of 
which, the parts rub against each other 
again, and the bricks are again disturbed. 

Q. Why does the plaster round a stove 
CRACK and fall away f 

A. Because (when the fire is light- 
ed) the ironrwork expands more than 
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the brick- work and plaster, and pushes 
them away ; but (when the fire is put 
out) the metal shrinks again, and leaves 
the "setting" behind. 

The " setting " is a technical word for the plaster, &c., 
in Immediate contact with the stove. 

Q. Why does the plaster pall away T 
A. As a chink is left (between the 
"setting" and the stove), the plaster 
will frequently fall away from its own 
weight. 

Q. What OTHER cause contributes to brino 

the PLASTER DOWN ? 

A. As the heat of the Jire varies, the 
size of the iron stove varies also ; and this 
swelling and contracting keep up such 
a constant disturbance about the plaster, 
that it cra^Jcs and /alls off^ leaving the 
fire-place very unsightly. 

Q. Why does the mercury of a thermometer 
RISE in hot weather ? 

A. Because heat expands the meted, 
which (being increased in bulk) occupies 
a larger space ; and, consequently, rises 
higher in the tube. 

Q. Why is a qlass broken when hot water 
if poured into it f 

A. Because the inside of the glass is 
expanded by the hot water, and not the 
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outside; so the glass snaps, in conse- 
quence of this unequal expansion. 

Q. Why is not the outside of the glass ex- 
panded by the hot waier as well as the inside ? 

A. Because glass is a had conductor 
of heat, and breaks before the heat of the 
inner surface is conducted to the outside. 

Q. Why does a glass snap because the inner 
surface is hotter than the outer ? 

A. Because the inner surface is ex- 
panded and not the outer: in conse- 
quence of which, an opposing force is 
created, which breaks the glass. 

Q. Why is a china cup broken if hot water 
be poured over it, or into it ? 

A. Because it is a bad conductor ; 
and, as the inner surface expands from 
the heat, (and not the outer,) an opposing 
force is created, which breaks the cup. 

Q. If a glass beaker be set on a warm hob, 
why does the bottom come off ? 

A. Because glass is a bad conductor; 
and (as the bottom of the glass expand* 
from the warmth of the hot stove, before 
the sides are heated) the two parts «^ 
arate from each other. 
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CHAPTER XIIL 

2. LiaUEFACTION. 

3. — Vaporization. 

* Q. WhtU is meant by liquefaction ? 

A. The state of being meUed; as ice 
is melted by the lieat of the sun. 

Q. Why is ICE MELTED by the heat of the stTN t 
A. Because, when the heat of the 
sun enters the solid ice, \\. forces Us par-^ 
tides asunder; till their attraction of 
cohesion is* sufficiently overcome, to 
cofwert the solid ice into a liquid. 

See p. 109. 
Q. Why art metals melted by the heat of 

FIRE? 

A. Because, when the heat of the 
fire enters the solid metal, \\, forces Us par- 
Hdes asunder; till their attraction of 
cohesion is sufficiently overcome, to con- 
tert the solid metal into a liquid. 

Q. Why is water eoTwerted into steam by 
the heat of the fire? 

A. Because, when the heat of the 
fire enters the water, it separates i^ 
globules into very minute bubbles ; which 
(being lighter than air) fly off from the 
surface in the form of deam, 

Q. Why doe$ not wood melt like nietdl f 
6 
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A. Because the heat of the fire de- 
composes the wood into gas^ smoke, and 
ashes; and the different parts separate 
from each other. 

Q. What is meant by vaporization ? 

A. The conversion of a solid or liquid 
irUo vapor: as snow or water is con- 
verted into vapor by the heat of the 
sun. 

Q. What are clouds ? 

A. Moisture evaporated from the 
-earthj and again partially condensed in 
the upper reg-ions of the air. 

Q. What is the differefice between a fog and a 
CLOUD 1 

A. Clouds and fogs differ only in 
one respect. CUmds are elevated above 
awr heaus : hui fogs come in contact with 
the surface of the earth. 

Q. Why do clouds float so readily in the air T 

A. Because they are composed of 
very minute globules (called ves'icles) ; 
which (being lighter than air) float, like 
soap bubbles. 

Q. Why does vapor sometimes form into 
clouds, and sometimes rest wpon the ea/rth as mist 
or fog? 

A. This depends on the temperature 
of the air. When the surface of the 
earth is warmer than the air, the vapor 
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of the earth (being condensed by the 
chill air) becomes mist or fog. But, 
when the air is warmer than the earthy 
the vapor rises through tlie airy and be- 
comes cloud. 

Q. Are all clxmds alike ? 

A. No. They vary greatly in density^ 
height^ and color. 

Q. WhcU is the chief cavsh of fog and clouds ? 

A. The changes of the wind. 

Many local circumstances also favor the formation of 
clouds. 

Q. How can the changes of the wind affect the 

CLOUDS ? 

A. If a cold current of wind blows 
suddenly over any region, it condenses 
the invisible vapor of the air into cloud 
or rain : but if a loarm current of wind 
blows over any region, it disperses the 
clouds, by absorbing their vapor. 

Q. What COUNTRIES are the most cloudp f 

A. Those where the winds are mmt 
variable^ as Britain. 

Q. What COUNTRIES a/re the least clmdy ? 

A. Those where the winds are least 
variable^ as Eg)rpt. 

Q. What DISTANCE are the ChovDa from the 

SAltTH? 

A. Some thin^ light clouds are eleva- 
ted above the highest mountain-top; 
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some heavy ones touch the steeplaa^ 
trees, and even the earth : but the aver- 
age height is between one and t\m miles, 

N. B. Streaky, curling clouds, like hair^ are ofben 5 or 
6 miles high. 

Q. What clouds are the lowest ? 

A. Those which are most highly elec- 
trified; lightning clouds are rarely more 
than about 700 yards above the ground ; 
and often actually touch the earth with 
one of their edges, 

Q. What is the size of the clouds? 

A. Some clouds are 20 squc^e miles 
in surface^ and above a mile in thickness ; 
while others are only a feio yards or 
inches, 

Q. How cam,, persons ascertain the thiokness 
ofacUmd? 

A. As the topsoi high mountains are 
generally above the clouds, travellers 
may pass quite through them into a clear 
blue firmament ; when the clouds will 
be seen beneath their feet, 

Q. What produces the great variety in the 

SHAPE of the CLOUDS? 

A. Three things : 1st — The cause 
and manner of their formation : 
2dly — Their electrical condition : and 
3dly — ^Their relations to currents of 
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Q. How can electrioitt affed the shape ef ^ 

CLOUDS ? 

A. If one cloud be /nil of electricUy 
and another not, they will be attracted to 
each other, and either coalesce — dimi- 
nish in size — or vanish altogether. 

Q. What clouds asmmt the mo$t fantastic 
shapes? 

A. Those that are the most highly 
electrified. 

Q. Whai effect have winds on the shape of 

CLOUD ? 

A. They sometimes absorb tJiem e»- 
tirely ; sometimes increase their volume 
and density ; and sometimes change the 
position of their parts. 

Q. How can winds absorb clouds altogether? 

A. Warm, dry winds will convert the 
substance of clouds into invisible vapor^ 
which they will carry away in their owri 
current. 

Q. How can winds increase the bulk and 
density of clouds ? 

A. Cold currents of wind will con- 
dense the invisible vapor of the air, and 
add it to the clouds with which they 
come in contact. 

Q. How can winds change the shape of 
clouds, by altering the position rf their parts ? 

A. Clouds are so voluble and light, 
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that every breath of wind changes the po- 
sition of their vesicles or bubbles. 

Q. What are the general colors of the 

CLOUDS ? 

A. White and grey, when the sun is 
above the horizon : but red, orange, and 
yellow, at sun-rise and sun-set. 

The blue sky is not cloud at all. 

Q. Why are the L,AST ci,ovi>s of EVENING gefi' 
erally of a red tinge? 

A. Because red rays (being the least 
refrangible of all) are the last to disap^ 
pear. 




Suppose P A to be the red rays, P B the yellow, P C 
the blue. If the earth turns in the direction of P A D, it 
is quite manifest that a spectator will see A, (the red rays,) 
some time after P C and P B have passed from sight. 

Q. WhM is meant by being " less refIianoi* 
ble"? 

A. Being less able to be bent. Blue 
and yellow rays are more easily bent 
below the hmizon by the resistance of the 
air : but red rays are not so much bent 
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down; and, therefore, we see them later 
in the evening. 

As at A in the flg:ure on p. 126. 
Q. Whif are MoaNiNG clouds generally of a 
RED tinge? 

A. Because red rays are the least re- 
frangible of all; and not bemg bent so 
much as blue and yellow rays, we see 
them sooner of a morning. 

Thus (£lg. on p. 126) if the earth turned in the direction 
of D A P, a spectator at D would see A (the red rays) long 
before he saw P B and P C. 

Q. Why is not the color ofdottds always ALissf 
A. Because their size^ density, and si- 
tuution in regard to the sun, are perpetu- 
ally varying ; so that sometimes one co- 
lor is reflected and sometimes another. 
Q. What regulates the motion of the clouds I 
A. Principally the mnds ; but some- 
times ekctricity will influence their mo- 
tion also. 

Q. How do you know that clouds more by 
OTHER infliien/^ besides wind ? 

A. Because (in calm weather) we 
often see smail clouds meeting ea^ih other 
from opposite directions. 

Q. How do you know that eleotrioitt affects 
the motion of the clouds ? 

A. Because clouds often meet from 
opposite directions ; and, having discharge- 
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ed their opposite electricities into each 
other, vanish altogether. 

Q. Into how many classes are the different 
sorts of CLOUDS generally divided ? 

A. Into three classes : — ^viz. Simple, 
Intermediate, and Compound. 

Q. How are simple clouds sidhdivided ? 

A. Into 1. — Cirrus; 2. — ^Cum'ulus ; 
and 3. — Stratus clouds. 

Q. What sort of clouds are called cirrus ? 

A. Clouds like fires, loose Jmir, or 
^in streaks, are called " cirrus clouds." 

Q. Why are these dotids cabled cirrus ? 

A. From the Latin word cimis (" a 
lock of hair, or curl "). Cirrus clouds 
are the mo^ elevated of all, 

Q. What do CIRRUS clouds portend? 

A. When the streamers point up- 

wards, the clouds Sire Jailing, and rain is 

al hand : but ^^hen the streamers point 

daumwards, westerly winds or drought 

. may be expected. 

Q. What sort of clouds a/re called cum'ulub ? 
A. Cum ulus clouds are lumps, like 
•great sugar-haves — volumes of smoke — 
or nwuntains towering over mountains. 

Q. Why wre then m&nster masses called cum'- 
ULUs clouds ? 

A. From the Latin word cumulus 
(" a mass or pile "). 
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Q. What do cum'ulus clouds foreshow ? 

A. When these piles of cloud are 
fleecy^ and sail against the wind, they 
indicate rain; but when their outline is 
very hard, and they come up with the 
wind, they foretell Jine weather, 

Gmn'uliis clouds should be smaller towards eyening 
than they are at noon. If they increase in size at sun-set, 
a tbonder-storm may be expected in the night. 

Q. What sort of clouds ar« called stratus ? 

A. Creeping mi^, especially preva- 
lent in a summer's evening- : these clouds 
rise at sun-set in low, damp places ; and 
are always nearer the earth than any 
otiier sort of cloud. 

Q. Why are these mists called stra'tus clouds f 

A. From the Latin word stra'tus 
(" laid low," or " that which lies low "). 

Q. What produces cirrus clouds 7 

A. Moisture in a visible form, deposit- 
ed in the higher regions of the atmos- 
phere by ascending currents of heated air. 

Q. WTuU produces cxjm'ulus clouds ? 

A. Masses of visible vapor passing* 
from the places where they wereformed^ 
to other places where they are about to 
be either dissolved', or deposited as falling 
rain. 

Q. What produces stra'tus clouds ? 

A. Beds of visible moisture, formed 
6* 
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by some chilling: effects, acting* 'along the 
direct surface of the earth, 

Q. How are the intermediate clouds sub-di' 
tided? 

A. Into two sorts. 1. — The Cirro- 
Cum'ulus ; and 2. — The Cirro-Stra'tus. 

Q. What are cirro-cumulus clouds ? 

A. Cirro-Cuoiulus clouds are cirrus 
clouds springing- from a massy centre; 
or heavy masses, edged with lojig streaks 
generally called ^^mares^ tails.^^ 

A system of sniaU round clouds may be called cirro> 
cam'ulus. 

' Q. What do cirro-cum'ulus dofuds generaUp 

FOREBODE ? 

A. Continued drought, or hot, dry 
weather. 

Q. What are cirro-stra'tus clouds ? 

A. They compose what is generally 
called a " mackarel sky^ This class of 
clouds invariably indicates rain and 
tmnd ; hence the proverb — 

" Mackarel's scales and mares' tails 
Make lofty ships to carry low sails." 

Q, What produce cirro-cum'ulus cUmdA ? 

A. Cum!iUits clouds dissolving away 
into cirrus produce the intermediate clasSy 
called cirro-cum'ulus. 

Q. WTuU produce cirro-stra'tus clouds f 

A. Cirrus clouds accumulating into 
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denser masses produce the intermediate 
class, called cirro-stra'tus. 

Q. Hato are compoxtnd clouds sub-divided f 
A. Compound clouds are also sub- 
divided into two sorts. 1. — ^The Cum'u- 
lo-Stra'tus ; and 2. — The Nimbus clouds. 

Q. Whai is meant by cumulo-str a'tus dovds ? 

A. Those clouds which assume all 
sorts of gigantic foiins ; such as vast 
towers and rocks — huge whales and 
dragons — scenes of battle — and cloudy 
giants. This class of clouds is the most 
romantic and strange of all. 

* Q. What do the cumulo-stra'tus cUmds 

FORETELL ? 

A. A change of weather ; either from 
fine to rain, or from rain to fine. 

Q. What are nimbus clouds % ' 

A. All clouds from which rainfalls. 

Nimbus is the Latin word for " clouds 

which bring a storm,^^ 

Q. By what particular character may the 
NiBiBUS {or rain-cUmd) he at once distinguished ? 

A. By the want of a defined outline : 
Its edge is gradually shaded off* from the 
deep grey mass into transparency. 

Q. What appearance takes place in the clouds 
at the approach o^rain ? * 

A. The cum'ulus cloud becomes stch 
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tionary, and aarus breaks gOtk upon k^ 
forming cum'ulo-stratus clouds ; muk at 
first, but afterwards of a grey color. 
Q. Why do oloitdb gather ju>und mou»tain 

TOPS? 

A. Because the air (being ddlkd by 
the cold mountain tops) deposits its va- 
por there in a visible form or cloud. 

Q. Wh(U are the uses of clouds ? 

A. 1st — They act as screens, to ar- 
rest the radiation of heat from the earth ; 

2dly — They temper the heat of the 
sun^s rays ; and 

3dly — They are the great store-homes 
of rain, 

" Radiation of heat/' i. e., the escape of heat, when no 
amductor carries it away. 

Q. Why is WIND said to blow up the clouds ? 

A. Because a dry, warm wind (which 
has travelled over seas) having absorbed 
a large quantity of moisture, deposits 
some of it in the visible form of douds^ 
as soon as it reaches a cMer region of 
air. 

Q. Why does wind someHmes dbivb away the 

CLOUDS? 

A. Because it has travelled over dry 
climes or thirsty deserts, and become so 
dry, that it absorbs vapor from the 
clouds, and causes them to disappear. 
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Q. What is the cause of a red sun-bet^ 
A. The vapor of the air, not being 
actually condensed into clouds, but only 
on the poinS of being condensed,, 

Q. Why is a red sun-set an indication (fa 
PINB DAT to-morrow ? 

A. Because the vapors of the earth 
are not condensed into clouds, by the cold 
of sunset Our Lord referred to this 
prog*nostic in the following words: 
" When it is evening ye say it will be 
fair weather, for the sky is red." (Matt. 
XVI. 2.) 

Q. Whai is the catise cf a coppery tbllow 

8UN-SET ? 

A. The vapor of the air being actu- 
idly condensed into clouds. 

Q. Why do vapors (not actually condensed) 
refract red rays, while condensed vapor refracts 
yellow? 

A. Because the beams of light meet 
with very little resistance; in conse- 
quence of which, those rays are bent 
down to the eye, which require the least 
refraction, such as red. 

See figure on p. 126, where it is evident that the red ray 
P A, is less bent, than the yellow and blue rays, P B, P U, 

Q. Why do condensed vapors refract yel- 
low rays, whereas vapors not actually condensed 
T^act red ? 

A. Because the beams of light meet 
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with mof*e resistance fi'om the condensed 
vapor ; in consequence of which, those 
rays are bent down to the eye, which are 
nwre refracted than the red, such as yeK- 
low. ■ 

See on figure p. 126, where it is evident that the yellow 
ray, P B, is more bent than the red ray, P A. 

Q. Why is a yellow sun-set an indication 
ofvf^l 

A. Because it shows that the vapors 
of the air are already condensed into 
chads ; rain, therefore, may be shortly 
expected. 

Q. What is the cause of a red sun-rise ? 

A. Vapor in the upper region of the 
mrjust on the point of being condensed, 

Q. Why is a red and lowering sky at sun- 
rise an indication of a wet day ? 

A. Because the higher regions of the 
air are laden with vapor on the very 
point of condensation^ which the rising 
sun cannot disperse. Hence our Lord's 
observation, " In the morning ye say, it 
will be foul weather to-day, for the sky 
is red and lowering " (Matt. xvi. 3.) 

Q. Why is a orey horning an indication of 

a FINE DAY ? 

A. Because only the air contiguous to 
the earth is damp and full of vapor. 
There are no vapors in the higher ve- 
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gions of the air, to bend down to the eye 
even the red rays of any beam of light. 

Q. WhcU difference (in the state of the air) is 
. required^ to make a grey arid red sun-rise ? 

A. In a grey sun-rise, only thai por- 
tion of air contiguous to the earth is filed 
with vapor ; all the rest is clear and dry. 
But in a red sun-rise the air in the upper 
regions is so full of vapor, that the rising 
sun cannot disperse it. 

Q. Why is a grey sun-set an indication 

of WET 1 

A. Because it shows that the air on 
the surface of the earth is very damp at 
sunset; which is a plain proof that the 
air is saturated with vapor; in conse- 
quence of which wet may be soon ex- 
pected : hence the proverb — 

" Evening red and morning grey 
Will set the traveller on his way ; 
But evening grey and morning red 
Will bring down rain upon his head." 

Q.. What is meant by an aurora borea lis, 
or northern light ? 

A. Luminous clouds in the north of 
the sky at night-time. Sometimes streaks 
of blue, purple, green, red, &c., and 
sometimes flashes of light, are seen. 

Q. What is the cause of the aurora borea'- 
Lis, or northern light ? 
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A. Mectrkity in the higher regions 
of the atmosphere. 

Q. Why are there dtpperent colors in the 
Aurora Borealis, such as white, yeUow^ red amd 
purple ? 

A. Because the electric fluid passes 

through air of Afferent densities. The 

most rarefied air produces a white ligJvt ; 

the most dry air, red; and the most 

damp produces yellow streaks. 

Q, Does the aurora, borea'lis forebode fins 
weather or wet 1 

A. When its coruscations are very 
brigfU, it is generally followed by unset- 
tled weather. 

Q. Why does a haze round the sun indicate 

RAIN^ 

A. Because the haze is caused by 
very fine rain falling in the upper regions 
oft/ie air : when this is the case, a rain 
of 5 or 6 hours' duration may be expected. 

Q. Why is a halo round the moon a sure in^ 
dication of rain ? 

A. Because it is caused by fine rain] 
falling in the upper regions of the air. 
The larger the halo, the nearer the rain- 
clouds, and the sooner may rain be ex- 
pected. 

Q. Wh6a is the cantse of a black mist : and 
why does it bring wet toeather f 
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A. The mist is blacky because it is 
overshadoioed by dense clouds; and wet 
weather may be expected, because the 
air- is saturated with vapor. 

Q. Why i$ MIST sometimes "WHirz: and v>kf 
does a white mist indicate fine weather ? 

A. The mist is i(?/ii^c, because no 
chads blacken it with their shadow ; and 
fine weather may be expected, becau^ 
the sky is cloudless. 

Q. Why do we feel almost suffocated •» a 
hot cloudy night ? • 

A. Because the heat of the earth 
cannot escape into the upper region of 
the air ; but is pent in by the clouds, 
and confined to the surface of the earth. 

Q. Why do v>e feel sprightly in a dttvr^ 
bright nighi I 

A. Because the heat of the earth can 
readily escape into the upper regions of 
the air, and is not confined and pent in 
by thick clouds, 

Q. Why do we feel depressed in spirits on 
a wet, murky day? 

A. 1st — ^Because the air is laden 
with vapor, and has (proportionally) less 
oxygen. 

2dly — The air being lighter than usual, 
does not balance the air in our body ; and 
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3dly — ^Moist air has a tendency to de- 
press the nervous system. 

Q. What is meant by ike ^^ air halancmg the 
air in owr body ?" 

A. The human bqdy contains air of 
a given density ; if, therefore, we ascend 
into rarer air^ or descend into denser , the 
balance is destroyed, and we feel op- 



Q. Why do we feel oppressed, if the air 
around is not of the same densitt cbs that in our 
body7 

A. Because if the air be more dense 
than our body, it will produce a feeling 
of oppression ; if it be less dense, the air 
in our body will produce a feeling of 
distension. 

Q. Why do persons, wAo ascend in bal- 
loons, FEEL fain in their eyes, ears, and chest ? 

A. Because the air in the upper re- 
gions of the atmosphere is more rare 
than the air in their bodies; and (till 
equilibrium is restored) pain will be felt in 
the more sensitive parts of the body. 

More especially m the tympanum of the ear. 
Q. Why do persons, who descend in divino* 
bells, feel pain in their eyes, ears, and chest ? 

A. Because the air in the diving-bell 
is compressed by the upward pressure of 
the water; in consequence of which, 
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great pain is felt in the more sensitive 
parts of the body. 

The pressure thus caused is sometimes sufficient to rup- 
ture the mem brane of the tympanum, and produce incu- 
rable deafness. 

Q. Wky e/rt pearl divers very frequently 

DEAF? 

A. Because the pressure of the water 
against the tympanum of their ears rup- 
iures the membrane ; and this rupture 
produces incurable deafness. 

Q. Why does the sea heave and sioh, juU 

PREVIOUS to a STORM ? 

A. Because the density of the air. 
is very suddenly dimirdslied ; and (as the 
density of the air is diminished) its pow- 
er to transmit sound is diminished also ; 
in consequence of which, the roar of the 
sea is less audible, and seems like heavy 
sighs. 

Q. Why is the air so universaUy quiet, /i^ 

PREVIOUS to a TEMPEST ? 

A. Because the air is suddenly and 
very greatly rarefied ; and (as the density 
of the air is diminished) its power to 
transmit sound is diminished also, 

Q. How do you know, thai rarefied air 
CANNOT TRANSMIT SOUND SO wtU OS deusc air ? 

A. Because the sound of a heUy (in 
the receiver of an air-pump) can scarcely 
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be heard, after the air has been partially 
exhausted ; and the report of a pistol 
(fired on a hig^h mountain) would be 
scarcely audible. 

Q. JVhy do we feel braced and liobt- 
HEARTED OH a FINE Spring or frosty morning ? 

A. 1st — Because there is more oocy- 
gen in the air on a fine frosty morning, 
than there is on a wet day : and 

2dly — A brisk and frosty air has a 
tendency to hrdce the nervous system. 

Q. Why do DOGS and cats {confined to a 
room) feel lazy and drowsy, at the approach of 
rain ? 

A. 1st — Because the air does not 
contain its fall proportion (^ oxygen ; and 

2dly — The damp depresses their ner^ 
V0U8 system, and makes them di:*owsy. 

Q. When SHEEP lie under a hedge, arhd seem 
unwUling to go to pasture, rain is at hand : Ex- 
plain the reason of this. 

A. 1st — ^As the air does not contain 
its full proportion of oxygen, they feel 
uneasy; and 

2dly — As the damp air relaxes their 
nermojs system, they feel listless and 
drowsy. 

Q. Why do horses neigh, cattle low, sheep 
bleat, and asses hray, at the approach of rain? 

A. 1st — As the air does not contain 
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its full proportion of oxygen^ they feel 
a difficmty m breathing ; and 

2dly — As damp relaxes their nerves^ 
they feel languid and uneasy. 

Q. MkrUicn some other animals. V)hich indi- 
cate the approach of rain in a similar way. 

A. When pigs squeak, as if in great 
pain — ^frogs croak with a loud, hoarse 
noise — owls screech — woodpeckers cry 
— peacocks scream — ^guinea-fowls squall 
— or ducks and geese are unusually 
noisy, rain is close at hand. 

Q. Why do CANDLES and firbs bum with « 
BLUER FLAME in wet weotheT ? 

A. Because the air contains less oxy- 

fen in wet weather, and therefore, the 
eat of fire is less intense : The flame is 
blue, because the Juel is nut thoroughly 
consumed, 

Q. Why do HILLS, 4^., appear larger in 
WET weather ? 

A. Because the air is laden ivith vapor ^ 
which causes the rays of light to diverge 
more ; in consequence of which, they pro- 
duce on the eye larger images of objects. 

Q. Why do TREES, 4*^., in wet weather a/p- 
pear further off than they really are ? 

A. Because the fog or mist diminish- 
es the light reflected from the object ; and 
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as the object becomes nwre dim^ it seems 
to he further off. 

Q. Why do CATS RUB their ears, when ii is 
likely to rain ? 

A. Either because the air is fall of 
vapor ^ and its humidity (piercing between 
the hair of the cat) produces an itching 
sensation : or more probably, because the 
air is overcharged with electricity, 

Q. How can the electricity of air produce a 
sensation o/* itching ? 

A. If the air is overcharged with 
electricity, the hair of the cat is over- 
charged also ; and this makes her feel 
as if she were covered with cobwebs. 

Q. Why does the cat keep rubbing herself f 

A. Because her hair will not lie 
smooth^ but has a perpetual tendency to 
become turgid and ruffled; so the cat 
keeps rubbing her coat and ears, to 
smooth the hair dovm, and brush away 
the feeling of cobwebs. 

Q. Why do our heads and skin itch hrfore 
rain ? 

A. Probably because the air is over- 
charged mth electricity; and, therefore, 
a sensation (like that of cobwebs) irri- 
tates the skin, and produces an itching. 

Q. When the plants called trefoil, dande- 
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WON, PIMPERNEL, iffc, FOLD up their leaveSj rain is 
always close at hand : Explain this. 

A. 1st — The cloudy weather dimin- 
ishes the light of the sun; and without 
the stimulus of sun-light, these flowers 
never open their leaves. 

2dly — The vapor of the damp air, in- 
sinuating* itself into the air-vessels of 
these delicate plants, causes them to 
.expand ; in consequence of which^ the 
leaflets contract and dose. 

All these plants close at sun-set also. 
Q. Why do DOORS SWELL in rainy weather ? 

A. Because the air is JiUed with va- 
por, which (penetrating into the pores of 
the wood) forces the parts further q,part, 
and swells the door. 

Q. Why do doors shrink in dry weather? 

A. Because the moisture is absorbed 
from the wood ; and, as the particles are 
brought closer together, the size of the 
door is lessened— in other words, the 
wood shrinks. 

Q. Why is the kik filled wUh offensive shells, 
just previous to a coming rain ? 

A. Because the volatile parts which 
rise from dunghills, sewers, &c., are pre- 
vented (by the vapor of the air) from 
rising so readily, as when the sun is 
shining brightly. 
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Q. Why do flowers sjnell sweeter arid 

STRONGER, jllSt prCvioUS tO RAIN ? 

A. Because the volatile parts which 
constitute the perfume of flowers, are 
prevented (by the vapor of the air) from 
rising; in consequence of which, they 
are confined to the lower regions of the 
atnoosphere. 

N. B. Many essential oils and other volatile substances, 
which produce odors in plants, require the presence of 
much moistv/re for their perfect development. ,» 

Q. Why fh HORSES and other animals stretch 
out their necks, and snuff up the air, just previous 
to afaU o/hainI 

A. Because tliey smell th£ odor of 
plants and hay, and delight to snufT in 
their fragrance. 

Q. Why does smoke fall, when rain is at 
hand? 

A. Because the air is less dense, and 
cannot buoy up the smoke so readily as 
dry and heavy air. 

Q. Why do swallows fly low, tohen rain 
15 at hand ? 

A. Because the insects (of which thev 
are in pursuit) have fled from the cola, 
upper regions of the air, to the warm air 
near the earth ; and, as their food is loWj 
the swallows j^y low. 

Q. Why do these insects seek the tower regions 
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if ike air in wet weather^ tnore than in finb 
weather ? 

A. Because (in wet weather) the 
upper regions of the air are colder than 
the lower; and, as insects enjoy warmth, 
they seek it near the earth. 

Q. Why does a downward current of cold 
AIR bring rain ? 

A. Because it condenses the warm 
vapor; which (being condensed) de- 
scends in rain. 

Q. The proverb says, " A single magpie in 
spring, FOUL weather toiU bring ;" Why is this 
the case ? 

A. Because in cold, stormy weather, 
one magpie alone will leave its warm, 
snug nest in search of food, while the 
other stays with the eggs, or young ones; 
but in fine, mild weather (when their 
brood will not be injured by cold) both 
the magpies fly out together, 

Q. Why is it unlucky for anglers to see a 
single magpie in spring ? 

A. Because when magmes fly abroad 
singly, the weather is cold and stormy ; 
but, when both birds fly out together, the 
weather is loarm and mild, which is 
favorable for flshing. 

Q. Why do sea-gulls fly about the bsa tm 
TUXB weather? 



146 EFFECTS OP HEAT. 

A. Because they live upon the fish^j 
which are found near the surface of the 
sea in fine weather. 

^ Q. Why may we expect stormy rains, when 
SEA-GULLS assembk on the land? 

A. Because the fishes (on which 
they live) leave the surface of the sea in 
stormy weather, and are beyond the 
reach of the sea-g^ulls ; in consequence 
of which,- they are oblig^ed to feed on the 
worms and larvce, which are driven out 
of the gi'ound at such times. 

Larvae, little grubs and caterpillars. 
Q. Why do PETRELS fiy to the 5ea during a 
storm 1 

A. Because they live upon sea insects^ 
which are always to be found in abun- 
dance about the spray of swelling waves. 

N. B. Petrels are birds of the duck-kind, which live in 
the open sea. They run on the top of the waves, and are 
<»lled Petrels, or rather Peter-els, from " St. Peter," in 
allusion^to his walking on the sea, to go to Jesus. 

Q. Why do candles and lamps spirt, when 
RAIN is at hand ? 

A. Because the air is filled with vapor 
which penetrates the wick ; where (being 
formed into steam) it expands suddenly, 
and produces a little explosion. 

. Q. Why does a drop cf water sometimes roll 
• aiong a piece of hot iron, without leaving the least 
trace? 
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A. Because the bottom of the drop is 
turned into vapor, which buoys the arop 
up, without allowing" it to touch the iron. 

Q. Why dots U roll ? 

A. Because the current of air (which 
is always passing over a heated surface) 
drives it along, 

Q. Why does a laundress put a little saliva 
t?» a FLAT-IRON, to /cTww if it be hot enough ? 

A. Because when the saliva sticks to 
the box, and is evaporated, she knows it 
is not sufficiently hot ; but, when it runs 
along the iron, it is. 

Q. Why is the flat-iron hotter if the salii>a 
RUNS ALONG it, than if it adheres till it is evapor- 
ated? 

A. Because when the saliva runs 
along the iron, the heat is sufficient to 
convert the bottom of the drop into vapor ; 
but, if the saliva wiU not roll, the ii-on is 
not sufficiently hot to convert the bottom 
of the drop into vapor. 



CHAPTER XIV. 

4.— EVAPORATION. 

Q. What is meant by evaporation ? 
A. The dissipation of liquid by its 
conversion into vapor. 
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Q. Wkat EFFECTS are prodticed by evaporation? 

A. The liquid vaporized absorbs heat 
from the body whence it issues ; and the 
body deprived of the liquid by evapora- 
tion, loses heat. 

Q. If you WET yowr finger in your movihy 
and hold it uf in the air, why does it feel cold ? 

A. Because the saliva quickly evap- 
orates; and (as it evaporates) absorbs 
heat from the finger, making it feel cold. 

Q. If you BATHE your temples with ether, 
why does it allay inflammation and feverish heat? 

A. Because ether very rapidly evapo- 
rates; and (as it evaporates) absorbs heat 
from the burning head, producing a sen- 
sation of cold. 

Q. Why is ether better for this purpose than 
Water ? 

A. Because ether requires less heat 
to convert it into vapor ; in consequence 
of which, it evaporates more quickly, 

N. B. Ether is converted into vapor with 100^ of heat : 
but water requires 212° of heat to convert it into steam. 

Q. Why does ether very greatly relieve a 

scald or BURN ? 

A. Because it evaporates very rapidly; 
and (as it .evaporates) canies off the heat 
of the ham, 

Q. Why do we feel cold, when we have wet 

FEET or CLOTHES ? 

A. Because the wet of our shoes or 
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clothes rapidly evaporates ; and (as it 
evaporates) cSbsorbs heat from our body^ 
which makes us feel cold. 

Q. Why do wet feet or clothes give u$ 

« COLD ?" 

A. Because the evaporation absofi^bs 
heat so abundantly from the surface of 
our body, that its temperature is lowered 
bebw Us natural standard; in conse- 
quence of which, health is injured. 

Q. Why is il dangerous to sleep in a damp 

BED? 

A* Because the heat is continually 
absorbed from the surface of our body, 
to convert tJie damp of the sheets into vor 
jpo/' ; in consequence of which, our ani- 
mal heat is reduced hebw the healthy 
standard. 

Q. Why is health injtteed, when the tem- 
perature of the BODY is reduced below its natural 
standard ? 

A. Because the balance of the circular 
tion is destroyed. Blood is driven away 
•from the external surface by the diiU^ 
and thrown upon the internal organs^ 
which are oppressed by this increased 
load of blood. 

Q. Why do we not feel the same sensation of 
cold, if we throw a macintosh over our wet 
clothes? 
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A. Because the macintosh (beings air 
tight) prevents evaporation; and (as the 
wet cannot evaporate) no heat is absorbed 
from our bodies. 

Q. Why do not sailors get cold, who a/re 
frequently wet aU day with sea- water ? 

A. 1st — Because the siait of the sea 
retards evaporation ; and (as the heat of 
their body is drawn off gradually) the 
sensation of cold is prevented. 

2dly — The salt of the sea acts as a 
stimulant, and keeps the blood circulat- 
ing in the skin. 

Q. Why does sprinkling a hot room with 
water cool it ? 

A. Because the heat of the room 
causes a rapid evaporation of tJie sprin- 
kled water :■ and as the water evaporates, 
it absorbs heat from the rornn^ which 
cools it. 

Q. Why does watering Lhe streets and 
roads cool them ? 

A. Because they part with their heat 
to promote the evaporation of the water 
sprinkled on them. 

. Q. Why does a shower of rain cool the air 
in summeT'time ? 

A. Because the wet earth parts with 
Us heat to promote evaporation; and when 
the earth is cooled, it cools the air also. , 
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Q. W%if is LiNBN DRIED by bong exposed to 
ike wun>? 

A. Because the wind accelerates 
ecfiporation^ by removing the vapor from 
the surface of the wet linen^ as fast as it 
is formed. 

Q. Why is linen dried sooner in ike open 
AIR, than in a arnfiiud room ? 

A. Because the particles of vapor are 

more rapidly removed from the surface 

of the linen by evaporation. 

Q. Why <vre wet summers generally suc- 
ceeded by COLD WINTERS 1 

A. Because the great evaporation 
(carried on through the wet summer) 
reduces the temperature of the earth lower 
than umal^ and produces cold. 

Q. Why is this country warmer and the 
wirUers less severe than formerly ? 

A. Because it is better drained and 
better cultivaled. 

Q. Why does draining land promote warmth % 
A. Because it diminishes evaporation ; 
in consequence of which, less lieat is ab- 
stracted from the earth. 

Q. Why does cultivation increase the 
WARMTH cfa country I 

A. 1st — Because hedges and belts of 
trees are multiplied : 

2dly — ^The land is better drained : and 



162 EFFECTS OP HEAT. 

3dly — The vast forests cere cut dawn, 

Q. Why do hedges and belts of trees fro- 

mote WARMTH ? 

A. Because ihey retard evaporaiioriy 
by keeping" off the icind. 

Q. jg^ belts of trees •promote warmth, why do 
FORESTS produce cold ? 

A. 1st — Because they deiain and 
condense the passing clouds ; 

2dly — They prevent the access of 
both wind and sun ; 

3dly — ^The soil of forests is always 
covered with longy damp grass, rotting 
leaves J and thick brushicood ; and 

4thly — In every forest there are al- 
ways many hollows full of stagnant 
water. 

Q. * Why do LONG GRASS and rotting leaves' 
promote cold ? 

A. Because they are always damp ; 
and evaporation, which they promote, is 
.constantly absarbing heat from the earth 
ibeneath. 

Q. WTiy are France and Germany warmer 
now, than when the vine would not ripen there ? 

A. Chiefly because their vast forests 
have been cut doicn; and the soil is bet- 
ter drained and cultivated, 

Q. What becomes of the water of ponds a/nd 
Tims in summer-time f 
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A. Ponds and tubs are often left dry 
in summer-time, because their water is 
evaporated by the air, 

Q. How is this evaporation produced and 
carried on ? 

A. The heat of the air changes the 
surface of the water into vapor^ which 
(blending with the air) is soon wafted 
away ; and similar evaporation is repeat- 
edly produced, till the pond or tub is 
left quite dry. 

Q. TVhy a/re the wheels of iome machines 

kept CONSTANTLY WET tuith WATER ? 

A. lb carry off (by evaporation) the 
heat which arises from the rapid motion 
of the wheels. 

Q. Why is mould hardened by the sun ? 

A. Because the moisture of the 
mould is exhaled by efoaporation ; and, 
as the earthy particles are brought closer 
together, the mass becomes more solid. 

Q. Show the wisdom of ood in this arrange^ 
metU. 

A. If the soil did not become crusty 
and hard in dry weather, the heat and 
drought would penetrate the soU, and kill 
both seeds and roots. 

Q. Why is TEA cooled faster in a saucer 
than in a cup ? 

A. Because evaporation is increased 

7» 
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by increasing tlie surface ; and, as tea in 
a saucer presents a larger sarfam to the 
air, its heat is more rapidly carried off 
by evaporation. 

(The subject of " convection" will be treated of ifi a fti- 
ture chapter; it would scarcely be understood in this 
place. See p. 213.) 

Q. W%y is not the vapor of the sea salt ? 

A. Because the salt is always left 

behind^ in the process of evaporation. 

Q. What is that white crust, which appears 
(in hot weather) upon clothes wetted by sea water ? 

A. The salt of the water ^ left on the 
clothes by evaporation. 

Q. Why does this white crust always dis- 
appear in wet weather ? 

A. Because the moisture of the air 
dissolves the salt; in consequence of 
which, it is no longer visible. 

Q. Why should not persons, who take violent 
exercise, wear very thick clothing ? 

A. Because it prevents the perspira- 
tion from evaporating". When the heat 
of the body is increased by exercise, per- 
spiration reduces the heat (by evapora- 
tion) to a healthy standard; as thick 
cbthing prevents this evaporation, it is 
injurious to health. 
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COMMUNICATION OF HEAT. 
CHAPTER XV. 
1 — Conduction. 

Q. How is HEAT COMMUNICATED /row om body 
to ajwther ? 

A. 1.— By Conduction. 2.— By Ab- 
sorption. 3. — By Reflection. 4 — By 
Radiation. And 5. — By Convection. 

Q. What is mearU by conduction of heat ? 

A. Heat communicated from one 
body to another by actual contact. 

Q. Why does a piece of wood {blazing at 
ONE end) HOT feel hot at the other ? 

A. Because loood is so bad a conduct- 
OTj that heat does not traverse freely 
through it; hence, though one end of 
a stick be blazing the other end may be 
quite cold. 

Q. Why do some things feel colder than 
others? 

A. Principally because they are bet- 
ter conductors ; and draw off heat from 
our body much faster. 

Q. What a/re the best conductors of heat 1 

A. Dense, solid bodies, such as metal 
and stone. 
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Q. Which METALS are the most rapid conduct- 
ors^ he at? 

A. The best conductors of heat are 
1. gold, 2. silver, 3. copper : 

The nea:t best are 4 plat'inum, 5. iron, 
6. zinc, 7. tin. Lead is a very inferior 
conductor to any of the preceding* metals. 

Q. What are the worst conductors of heat ? 

A. All light and porous bodies; such 
as hair, fur, wool, charcoal, and so on. 

Two of the worst conductors known are hare's tar and 
eider down ; — the two next worst are beaver's fiir and raw 
silk ; — then wood and lamp-black ; — then cotton and fine 
lint ;-^then charcoal, wood ashes, &4. 

Q. Wh7/ are cooking vessels often Jurnished 
with WOODEN handles'? 

A. Because wood is not a good con- 
ductor, like metal ; and, therefore, wooden 
handles prevent the heat of the vessel 
from rushing into our hands, to burn 
them. 

Q. Why is the handle of a metal tea*pot 
made of wood ? 

A. Because wood is a bad conductor ; 
therefore, the heat of the boiling* water 
is not so quickly conveyed to our hand by a 
wooden handle, as by one made of metal. 

Q. ^ Why would a metal handle burn the 
HAND of the tea-maker T 

A. Because metal is an excellent con* 
ductor ; therefore, the heat of boiling* wa- 
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ter would rush so quicfdy into the metal 
handle^ that it would burn our hand. 

Q. Prove that a metal handle toould be hot- 
ter than a wooden one. 

A. If we touch the metal collar into 
which the wooden handle is fixed, we 
shall find that the wooden handle feds 
coldy but the metal collar intensely liot, 

Q. Why do persons use pa/per or woollen 

KETTLE-HOLDERS? 

A. Because paper and woollen are 
both very bad conductors ofhea^ ; in con- 
sequence of which, the heat of the kettle 
does not readily pass through them to the 
hand. 

Q. Does the heat of the boiling kettle never. 
get through the woollen or paper kettle-holder ? 

A. Yes ; but though the kettle-holder 
became as hot as the kettle itself, it 
would never feel so hot. 

Q. Why would not the kettle-holder feel so hot 
as the kettle^ when both are of the same temperature f 

A. Because it is a very had conduct- 
or, and disposes of its heat too slowly to 
be perceptible ; but metal (being an ex- 
ceUent conductor) disposes of its heat so 
quickly^ that the sudden influx is pdinful. 

Q. Why does hot metal feel more intensely 
WARM than HOT wool ? 

A. Because metal gives out a much 
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greater qaantity of heat in the same space 
of time ; and the influx of heat is, con- 
sequently, m^re perceptible. 

Q. Why does money in our pocket fed very 
HOT when we stand before a fire ? 

A. Because metal is an excellent con- 
ductor, and becomes rapidly heated. 
For the same reason, it becomes rapidly 
coMj whenever it comes in contact with 
a body colder than itself 

Q. Why does a pump-handle feel intensely 

cold in WINTER ? 

A. Because it is an excellent conduct- 
or, and draws off the heat of our hand 
so rapidly, that the sudden loss produces 
a sensation of intense coldness. 

Q. Is the iron handle of the pump really 
colder than the wooden pump itself? 

A. No; every inanimate substance 
(exposed to the same temperature) pos- 
sesses in reality the same degree of heat. 

Q. Why does the iron handle seem so much 
colder than the wooden pump ? 

A. Merely because the iron is a bet- 
ter conductor ; and, therefore, draws off 
the heat from our hand more rapidly 
than wood does. 

Q. Why does a stone or marble hearth feel 
to the feet colder than a carpet or hearth-rug ? 

A. Because stone and marble are good 
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conductors ; but wooUen carpets and 
hearth-rugs are very had conductors. 
Q. How does the stone hearth maJce <mf 

FEET COLD 1 

A. As soon as the hearth-stone has 
absorbed a portion of heat from our foot, 
it instantly disposes of it, and calls for a 
fresh supply ; till the hearth-stone has be- 
come of the same temperature as the foot 
placed upon it. 

Q. Do not also the wooUen carpet and hearth- 
rug conduct heat from the human body ? 

A. Yes ; but being* very bad conduct- 
ors, they convey the heat away so siow- 
ly, that the loss is scarcely perceptible. 

Q. Is the 60LD hearth-stone in reality of 

the SAME TEMPERATURE OS the WARM CARPET ? 

A. Yes ; every thing* in the room is 
really of one temperature ; but some 
things feel colder than others, because 
they are better conductors, 

Q. How LONG vnll the heart h'Stone feel cold to 
the feet resting on it? 

A. Till the feet and the hearth-stone 
are both of the same temperature ; and 
then the sensation of cold in the hearth- 
stone will go off. 

Q. Why would nc% the hearth-stone feel 
COLD, when it is of the same temperature as our 

FEET? 
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A. Because the heat would no long- 
er rush out of oar feet into the tvearihr 
stone^ in order to produce equilibrium. 

Q. Whtf does the hearth-stone (when the fire 
is lighted) feel hotter than the hearth-ruo ? 

A. Because the h^rth-stone is an 
excellent conductor, and parts with its 
heat very readUy; but the woollen hearth- 
rug (being* a bad> conductor) parts with 
its heat very reluctantly, 

Q. Why does parting wUh heat rapidly 
make the hearth-stone^/ warm? 

A. Because the rapid influx of heat 
rafses the ternperature of our body so »Md- 
denlyy that we cannot ^e/p perceiving the 
increase. 

Q. Why does the non-conducting power of the 
'BEAKTR-nuGr prevent its feeling so hot as it reaUy is? 

A. Because it parts with its heat so 
slowly and gradually, that we scarcely 
perceive its transrmssion into our feet. 

Q. When we plunge &wr hands into a basin 
of water why does it produce a sensation of cold ? 

A. Because water is a better condor- 
w than air; and, as it draws off the 
heat from our hands more rapidly, lifeek 
colder. 

Q. Why does the conducting power of water 
make it fed colder than air ? 

A. Because it abstra^cts heat from our 
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hands so rapidty^ that we fed its lofls ; 

but the air abstracts heat so very slowly^ 

that its graducd loss is hardly perceptibk. 
Q. Is water a good coNDUCToa ef heat f 
A. No ; no liquid is a good conductor 

of heat ; but yet water is a nmch better 

4xmtku:tor than air. 

Q. Why is WATER a better oommcroR cf 
heat than AXBil 

A. Because it is kss subtile ; and the 
conducting power of any substance de- 
pends upon its solidity^ or the closeness 
of its particles, 

Q. How do you know that water is not a 
GOOD CONDUCTOR of heat f 

A. Because it may be made to boil at 
its surface, without imparting sufficient 
heat to melt ice a quarter of an inch bebw 
ilie surface. 

Q. Why are not liquids good conductors 
of heat ? 

A. ' Because the heat (which should 
be transmitted) produces evaporation, and 
flies off in the vapor. 

Q. Why does a poker (resting on a fender) 
feel colder than the hearth-rug, which is further 
off the fire? 

A. Because the poker is an excellent 
conductor^ and draws heat from the hand 
much rrwre rapidly than the woollen 
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heaf th-rug, which is a very bad condudar: 
though both, therefore, are equally warm^ 
the poker seems to be the colder, (See 
also p. 173.) 

Q. Why are hot bricks (wrapped in cloth) 
employ^ in cold weaiher to keep the feet waek? 

A. Because bricks are bad conduces 
of heal, and. cloth or flannel 9tiU worse : 
in consequence of which, a hot brick 
(wrapped in flannel) will retain its heat 
a very long time, 

Q. Why is a tin pan (filled with hot water) 
employed as a foot- warmer ? 

A. Because polished tin (being* a bad 
radiator of heat) keeps hot a very long 
time ; and warms the feet resting upon it. 

Q. What is meant by being a ^ bad radiator 
cfheai r 

A. To radiate heat is to throw off 
heat by rays, as the sun ; a polished tin 
pan does not throw off the heat of boiling 
water from its surface, but keeps it in. 

Q. Why are tin foot-warmers covered with 

FLANNEL ? ^ 

A. 1st— That the polish of the tin 
may not be injured : 

2dly — ^Because the flannel (being a 
very bad conductor) helps to keep the tin 
hoi longer: and 
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3dly — Lest the conducting" surface of 
the tin shoiM feel painfully hot, 

Q. WTiat disadvantage would it be, if the pol- 
ish of the tin were injured ? 

A. If the tin foot-warmer were to 
lose its polish^ it would g'et cold in a much 
shorter time. 

Q. Why would the tin foot-warmer get cold 
SOONER, if the POLISH were injured ? 

A. Because polished tin throws off its 
heat very slowly; but dull, scratched, 
painted, or dirty tin, throws off its heat 
very quickly. 

Q. Why are furnaces and stoves {where 
much HEAT is required) buUt of porous brick ? 

A. Because bricks are bad con- 
ductors, and prevent the escape of heat; 
in consequence of which, they are em- 
ployed where great heat is required. 

Q. Why are furnace doors, 4^., frequently 
COVERED toith a paste of clay and sand? 

A. Because this paste is a very bad 
conductor of heat; and, therefore, pre- 
vents the escape of heat from thefurrmce. 
' Q. Jfa stove be placed in the middle tfa room 
should it be made cf bricks or iron ? 

A. A Stove in the middle of a room 
should be made of iron; because iron 
is an excellent conductor^ and rapidly 
communicates heat to the air around. 
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Q. Why does the Bible say, that CM ^givd^ 
SNOW like WOOL ?" 

A. Because snow (being a very bad 
conductor of heat) protects vegetables 
and seeds from the frost and cold. 

Q. How does the nonrconducting power cf snow 
PROTECT VEGETABLES /row the PROST and cold? 

A. It prevents the heat of the earth 
from being drawn off by the cold air 
which rests up)on it. 

Q, Why are woollens and furs tLsed for 
CLOTHING in COLD wecUhcT ? 

A. Because they are very bad con- 
ductors of heat ; and, therefore, prevent 
the warmth of the body from being drairni 
offhy the cold air. 

Q. Do not woollens and fu/rs actually impart 
heat to the body ? 

A. No ; they merely prevent the heai 
of the body from escaping. 

Q. Where would the heat escape to, if the 
body were not wrapped in wool or fur f 

A. The heat of the body would fly 
offmio the air; for the cold air (coming 
in contact with our body) would gradu- 
ally draw away its heat, till it was as 
cold as the air itself 

Q. What then is the principal use of cloth- 
ing in winter-time ? 

A. 1st — To prevent the animal heat 
from escaping too freely ; and 
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2dly — To protect the body from the 
exleimal air (or wind), which would 
carry away its heat too rapidly. 

Q. Why are beasts covered with fur, hair 
or WOOL ? 

A. Because fur, Tiair and wool, are 
very slaio conductors of heat; and (as 
dumb animals cannot be clad, like human * 
beings) Grod has given them a robe of 
hair or wool, to keep them warm. 

Q. Why are birds covered with down or 

FEATHERS ? 

A. Because down and feathers are 
very bad conductors of heat; and (as 
birds cannot be clad, like human beings) 
Grod has given them a robe of feathers^ 
to keep them warm, 

Q. Why are wool, fur, hair, ajid feathers, 

Stbch SLOW CONDUCTORS of hcot ? 

A. Because a great quantity of air 
lurks entangled between the fibres; and 
air is a very bad conductor of heat. 

The wannest clothing is that which fits the body rery 
loosely in every part except at the extremities: Because 
more hot air will be confined by a loose garment than by 
one which fits the body tightly. 

Q. ^ AIR be a bad conductor of heat, why 
should we not feel as warm without clothingj at 
when we are wrapped in wool and fur ? 

A. Because the air (which is cooler 
than our body) is never at rest; and 
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every fresh particle of air dratos off a 
fresh portion of heat. 

Q. How does the ceaseless change of air tend 
to DECREASE the WARMTH of a naked body? 

A. Thus : — the air (which cases the 
body) absorbs as much heat from it as 
it can, while it remains in contact ; being 
then blown away, it makes room for a 
fresh coat of air ^ which absorbs more heat. 

Q. Does the air which encases a naked body 
become (by contact) as warm as the body itself? 

A. It would do so, if it remained 

motionless ; but, as it remains only a very 

short time, it absorbs as much heat as it 

can in the time, and passes on. 

Q. Why do we feel colder in windy wea- 
ther than in a* calm day? 

A. Because the particles of air pass 
over us more rapidly ; and every Jresh 

E article takes from us some portion of 
eat. 
Q. Show the wisdom of God in making the 

air a BAD CONDUCTOR. 

A. If air were a good conductor (like 
iron and stone) heat would be drawn so 
rapidly from our body, that we should be 
chilled to death. Similar evils would be 
felt also by aU the animal and vegetable 
world. 

Q. Does 7i4)t the bad conducting power of air 
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enaik penans to judge whether an sao be new or 

STALE ? 

A. Yes ; touch the larger end of the 
shell with your tongue ; if it feels warm^ 
the egg is stak ; If not, it is new-laid. 

Q. Whtf toill the shell of a stale ego feel 
WARM to the tongue ? 

A. Because the thick end of an egg 
contains a small quantity of air (between 
the shell and the white) ; when the egg 
is stale the white shrinks^ and the con- 
fined air accordingly expands. 

Q. Why does the expansion of air {at the erid 
of an egg) make it feel warm to the tongue ? 

A. Because air is a very bad conduct- 
or, and the more air an egg contain^, 
the less heat will be drawn from the tongue 
when it touches the shell. ^ 

Q. Why wiU a new-laid egg fed colder to 
the tongue at the thick end than a stale one ? 

A. Because it contains more white 
and less air; and as the white of an egg 
is a better conductor than air, the heat 
of the tongue will be drawn off more ra- 
picUy, and the egg feel colder. 

Q. Why does fanning the face in summer 
makeit cool) 

A. Because the fan piUs the air in 
motion^ and makes it pass more rapidly 
cfcer the face ; and (as the tempBrature of 
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the air is always lower than that of the 

human face) each pufF of air carries off 

some porti/)n of its heat. 

Q. Does FANNING ffiake the air Usdf cooler I 
A. No ; fanning makes the air hoUer 

and, hotter. 

Q. How does fanning the fa/x, increase the 

HEAT of the air? 

A. By driving" the air more rapidly 
over the human body, and causing it, 
consequently,* to abso7'b nwre heat. 

Q. J^ fanning makes the air hotter, why can 
ii make a person /ggZ cooler ? 

A. Because it takes the heat out of 
the face, and gives it to the air. 

Q. Why is broth cooled by blowing it f 
A. Because the breath causes a rap- 
id change of air to pass over the broth ; 
and (as the air is colder than the broth) 
it continually absorbs heat from it, and 
makes it cooler and cooler. 

Q. Would not the air absorb heat from the 
broth jtist as weU wiTUouT BXjOWUHGt 

A. No ; air is a very bad conductor; 
unless, therefore, the change be rapid, the 
air nearest the surface of the broth would 
soon become as hot as the broth itself. 

Q. Would not hot air part vnth its heat in- 
stantly to the circumjacent air f 

A. No ; not instantly. Air is so bad 
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a conductor, that it parts with its heat 
very sloidy: unless, therefore, the air be 
kept in continual motion^ it would cool 
the broth lyery sloidy indeed. 

Q. Why does wind generally feel cool T 

A. Because it drives the air niore 
rapidly over our body ; and this rapid 
change of air draws off a large quantity 
of heat 

Q. IVhy does air absorb heai more quicklt 
by being set in motion ? 

A. Because every fresh gust of aic 
absorbs a fresh jjortion of heat ; and tl»- 
more rapid the succession of gusts, the - 
greater will be the quantity of heat ab- 
sorbed, 

Q. J^ the AIR were hotter than our body 
wovM the wiSD feel cool ? 

A. No ; the air would feel insuffera- 
bly hot J if it were liotter tlian our body. 

Q. Why would the air feel intensely hot, tf 
it were warmer than our body ? 

A. Because it would add to the heat 
of our body, instead of diminishing it. 
Q. Is the AIR EVER as hot as the human. 

BODY? 

A. Not in this country : in the hot- 
test summer's day, the air is at least 10 
or 12 degrees cooler than the human body. 

Q.' L the EARTH a good conductor if heat t 
8 
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A. No ; the earth is a very bad con* 
ductor of heat. 

Q. Why is the earth a bad conductor cfheai T 

A. Because its particles are not am- 

tinuoiis : and the power of corvductirtg 

heat depends upon the continuity of 

matter. 

'^Q. Why is the earth (below the surface) 
WARMER in WINTER than the surface itself? 

A. Because the earth is a bad con- 
ductor of heat; and, therefore, (althoug'h 
the ground be frozen,) the frost never 
penetrates more than a feio inches below 
the surface. 

Q. Why is the earth (below the surface) 
COOLER in SUMMER than the surface itself? 
. A. Because the earth is a bad con- 
ductor of heat ; and, therefore, (although 
the surface be scorched with the burning 
sun,) the intense heat cannot penetrate 
to the roots of the plants and trees. 

Q. Show the wisdom ^ God wi making the 

EARTH a BAD CONDUCTOR ? 

A. If the heat and cold could pene- 
trate the earth (as freely as the heat of 
a fire penetrates iron), the springs 
would be dried up in summer, and fro- 
Ben in winter ; and all vegetation would 
perish. 
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Q. Why is water from a spring alwaf$ 
COOL even in summer ! 

A. Because the earth is so bad a con- 
ductor, that the burning* rays of the sun 
can penetrate only a few inches below 
the surface ; in consequence of which, 
the springs of water are not affected by 
the heat of summer. 

. Q. • JVhy is it cool under a shady tree in a 
hot summer^s day ? 

A. 1st — Because the overhanginof fo- 
liage screens off the rays of the sun : 

2dly — As the rays of the sun are;ward- 
ed off, the air (beneath the tree) is not 
heated by the reflection of the earth : and 

3dly — The leaves of the trees, being 
non-conductoj's, allow, no heat to pene- 
trate them. 

Q. Why do the Laplanders toear skins vnth 
the FUR inwards ? 

A. Because the dr-y skin prevents the 
tdnd from penetrating to their body ; 
and the air (between the hairs of the fur) 
soon becomes heated by the body: in 
consequence of which, the Laplander in 
his fur is clad in a case oflwt air, imper- 
vious to the cold and icind, 

Q. Why does d linen shirt ^Z colder than 
a cotton one ? 
A. Because linen is a miich better 
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conductor than cotton; and, therefore, 
(as soon as it touches the body) it draws 
away the heat more rapidly, and pro- 
duces a gfreater sensation of cold. 

Q. WTiy is the pace cooled by wiping the 
temples with ajme cambric handkerchief ? 

A. Because the fine fibres of the 
cambric have a %tron^ mpiUary attraction 
for moisture, and are excellent conductors 
of heat : in consequence of which, the 
moisture and heat are abstra^cted from 
the face by the cambric, and a sensation 
of coolness produced. 

" Capillary attraction," i. e., the attraction of a thread or 
hair. The wick of a candle is wet with grease, because 
the melted tallow runs up the cotton from capillary at- 
traction. 

Q. Whtf would not a cotton handkerchirf do 
as well 1 

A. Because the coarse fibres of cot- 
ton have very little capillary attraction, 
and are nery had conductors; in conse- 
quence of which, the heat of the face 
would be ihcreased (rather than dimin- 
ished) by the use of a cotton handker- 
chief. 
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CHAPTER XVI. 

2. — ^Absorption op Heat. 

Q. What is the difference between ooNDucTiNa 
heatj and absorbtno heat ? 

A. To conduct heat is to transmit it 
from one body to another through a con-- 
ducting medium. To absai^b heat is to 
9ack it up, as a sponge sucks up water. 

Q. Give me an example. 

A. Black cloth absorbs, but does not 
conduct heat ; thus, if black cloth be laid 
in the sun, it will absorb the rays very 
rapidly ; but if one end of the black cloth 
be made hot, it would not conduct the 
heat to i\iG otlier end. 

Q. Are good conductors cf heat good ab- 
sorbers also ? 

A. No ; every good conductor of heat 
is a bad absorber^ of it ; and no good oft- 
sorber of heat can be a good conductor 
also. 

Q. Is IRON a good ABSORBER of heat ? 
A. No ; iron is a good conductor, but 
a very bad absorber of heat. 

Q. Why do the fire-irons {which lie upon a 
fender) remain cold, although they are before a 
good fire ? 

A. Because they are bad absorbers of 
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heat; in consequence of which, they 
remain coldy unless they come in contact 
with the stove or fire. 

Q. Why are the fire-irons intensdy hot, 
when they rest against the stove which contains 
a good fire ? 

A. Because they are excellent conduct- 
ors of heat ^^uA draw it rapidly from the 
stove with which they are in contact. 

Q. Why does a kettle boil faster^ when the 
bottom and back a/re covered with soot ? 

A. Because the black soot absorbs 
heat very quickly from the fire, and the 
metal conducts it to the water. 

Q. Why will not a new kettle boU so fast 
as an old one ? 

A. Because the bottom and sides of a 
new kettle are clean and bright : but in 
an old kettle they are covered xoith soot, 

Q. Why will a kettle be slower boiling if 
the boti:om and back a/re clean and bright ? 

A. Because bright metal does not ah- 
sorb heat, but reflects it; and (as the 
heat is thrown off from the surface of 
bright metal by reflection) therefore, a 
new kettle takes a longer time to boil. 

Reflects heat, i. e., throws it oflT. 

Q. Why do we wear white linen and a 
black outer dress, if we want to be warm ? 

A. Because the black ^outer dress 
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Suickly absorbs heat from the«un ; and 
le white linen (being' a bad absorbent) 
abstracts no heat from the warm body. 

Q. Why do persons wear white dresses in 
SUMMER time ? 

A. Because white throws off the heat 
of the sun by reflection^ and is a very bad 
absorbent of heat; in consequence of 
which, white dresses never become so 
hot from the scorching sun as dark co- 
lors do. 

Q. Why do not persons wear white dresses 
in WINTER time ? 

A. Because white will not absorb heaiy 
like black and other dark colors; and, 
therefore, white dresses are not so warm 
as dark ones. 

Q. What COLORS a/re warmest for dresses? 

A. For outside garments bUick is the 
warmest, and then such colors as ap- 
proach nearest to black, (as dark blue 
and green.) White is me coldest color 
for external clothing*. 

Q. Why a/re dark colors {J(yr external wear) 
id much warmer than light ones ? 

A. Because dark colors absorb heat 
from the sun more abundantly than light 
ones. 

Q. How can you prove that dark colors are 

WARMER than LIGHT OTUSf 
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A. If ^ piece of hUick and a piece of 
white cloth were laid upon snow, in a 
few hours the black cloth vnll have rneUed 
the s7imD beneaXh; whereas, the white 
cloth will have produced little or no effect 
upon it at ail, 

N. B. The darker any color is, the warmer it is, be- 
cause it is a better absorbent of heat. The order may be 
thus arranged:— 1.— Black (warmest of all).— 2. Violet. — 
8. Indigo.-4. Blue.— 6. Green.— 6. Red.— 7. Yellow: and 
8. White (coldest of all). 

Q. Whi/ are black kid olotes unpleasarUly 
HOT /or summer wear ? 

A. 1st — Because blade absorbs the 
solar heat; and 

2dly — Kid will not allow the heat of 
our hand to escape through the glove. 

Q. Whi/ are Lisle thread gloves agreeably 
coQijfor summer wear ? 

A. 1st — Because thread absorbs per- 
^ration : and 

2dly — It conducts away the heat of our 
hot hands. 

■Q. Are Lisle thread gloves absorbents of 
Iheatf 

A. No ; Lisle thread gloves are gen- 
erally of a gixy or lilac color ; and, there- 
fore, do not,absorb solar heat. 

Q. Why is a plate-warmer made cf un- 

. PAINTED BRIGHT TIN 7 

A. Because bright tin rejlects the heat 
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(which issues from the fire in rays) upon 
the meat ; and, therefore, greatly assists 
the process of roasting. 

Reflects the heat, i. e., throws it back upon the meat 
Q. Why would not the tin reflector do a$ 
well^ if it were painted? 

A. Because it would then absorb heat, 
and not reflect it at all, A plate-warmer 
should never be painted^ but should be 
kept very dean, bright^ and free from all 
scratches. 

Q. Why should a reflector be kept so very 
CLEAN and free from all scratches ? 

A. Because if a reflector were spoUedj 
diUlj or scratched, it would absorb heat, 
instead of reflecting it ; and, consequently, 
would be of no use whatsoever as a 
reflector, 

Q. Why does hoar prost remain on tomb- 
stones long after it has melted from the grass and 
GRAVEL- WALKS of a church-yard ? 

A. Because tomb-stones (being white) 
will not absorb heat, like the darker grass 
and gravel; in consequence of which, 
they remain too cold to thaw the frost 
congealed upon their surface. 

Q. if black absorbs heal, why have those who 
live in hot climates black skins, arui not white 
skins, which would not absorb heat at all ? 

A. Because bUick will not blister from 
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the heat of the sun. Although, therefore, 
the black skin of the negro absorbs heat 
more plentifully than the white skin of a 
European; yet the bladcness prevents the 
sun from blistering or scorching it, 

Q. How is it known that the black color pre- 
vents the sun from either blistering or scorching 
the skin ? 

A. If you put a lohite glove on one 
hand, and a bUick glove on the other 
(when the sun is burning hot), the hand 
with the white glove will be scorched^ but 
not tJie other, 

Q. Which hand will feel the hotter ? 

A. The hand with the blaxJc glove 
w\l\ feel the hotter, but will not be scorchr 
ed by the sun ; whereas, the hand with 
the white glove (though much cooler) will 
be severely scorched. 

Q. Why does the black skin of a negro ne- 
ver SCORCH or BLISTER with the hot sun ? 

A. Because the black color absorbs 
the heat— kjonveys it below the surface of 
the skin — and converts it to sensible heat 
and perspiration. 

Q. Why does the white European bkin 
BLISTER and SCORCH when exposed to the hot sun ? 

A. Because white will not absorb heat ; 
and, therefore, the hot sun rests on the 
SfwrfoLce of the skin, and scorches it. 
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Q. Why has a negro black etes ? 

A. Because the black color defends 
them from the strong* light of the tropi- 
cal sun. If a negro's eyes were not 
black, the sun would scorch them, and 
every negro'*would be blind. 

Q. Why is water (in hot weather) keft 
COOLER in a bright tin pot than in an earthen 
one? 

A. Because bright metal will not 
absorb heat from the hot air, like an 
earthen vessel ; in consequence of which, 
the water is kept cooler. 

Boiling water is also kept hot in bright metal better 
than in earthen vessels. See p. 187. 
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3. — Reflection of Heat. 

Q. What is meant by reflecting heat ? 

A. To reflect heat is to throw it back 
in rays from the surface of the reflecting 
body towards the place whence it came. 

Q. What are the best REFLECTORg of heat ? 

A. All bright surfaces and tight cch 
brs. 

Q. Are oood absorbers cf heat good re- 
flectors also ? 
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A. No; those things which absm-b 
heat bestj reflect heat worst; and those 
which reflect heat lotrrst^ absorb it besL 

Q. Why are those things which absorb heat 
imaJble to reflect it ? 

A. Because if anything sucks in heat 

like a sponge, it cannot throw it off from 

its surface ; and if anything throws off 

heat from its surface, it cannot drink it in. 

Q. Why are reflectors always made cf 
LIGHT colored and highly polished metal ? 

A. Because light colored and highly 
polished metal makes the best of all re* 
flectors. 

Q. Why do not plate-warmers blister and 
scorch the wood behind ? 

A. Because the bright tin front 
throws the heat of the fire ba^k agaiuy 
and will not allow it to penetrate to the 
wood behind. 

Q. J^ metal be such an excellent conductor cf 
heat, how can it reflect heat, or throw it off? 

A. Polished metal is a conductor of 
Iieatj only when that heat is communi- 
cated by actual contact : But whenever 
heat falls upon bright metal in rays, it is 
reflected back again, and the metal re- 
mains cool. 

Q. What is meant ^' by heai falling wpon metal 
IN eats," and mt " by contact ?" 
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A. If a piece of metal were thrust 
into a fire, it would be in actual amUict 
with the fire; but if it were held before a 
fire^ the heat of the fire would fall upon 
it in rays. 

Q. What is the use cf the tin gcREEN or re- 
flector used in roasting ? 

A. It throws the heat of the fire back 
upon the meat ; and, therefore, both as- 
sists the process of roasting^ and helps to 
keep the kitchen oool. 

Q. How does a tin reflector tend to keep the 

KITCHEN cool ? 

A. By confining the heat of the fire to 
the hearth^ and preventing its dispersion 
throughout the kitchen. 

Q. Why are shoes hotter ^br beir^ dusty ? 

A. Because dull, dusty shoes will 
absorb heat from the sun, earth, and air ; 
but shoes brightly polished throw off 
the heat of the sun by reflection. 

Q. Why does it always freeze on the top of 
a mountain? 

A. 1st — Because the air on a moun- 
tain is very rarefied; and rarefied air re- 
tains more heat in the latent form than 
denser air does : and 

2dly — Air is heated by the refiection of 
the earth, and not by solar rays ; therefore 
a mountain-top (which is deprived of this 
reflection) remains intensely cold. 
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CHAPTER XVIII. 
4. — Radiation. 

Q. What is meant by radiation ? 

A. Radiation means the emission of 
rays : thus the sun radiates both light 
and heat ; that is, it emits rays of light 
and heat in all directions. 

Q. When is heat radiated from one body to 
another ? 

A. When the two bodies are separated 
by a non-conducting medium : thus the 
sun radiates heat towards the earth, be- 
cause the air Twhich is a very bad con- 
ductor) comes oetween, 

Q. On what does radiation depend ? 

A. On the roughness of the radiating 
surface : thus, if metal be scratched, its 
radiating" power is increased; because 
the heat has more points to escape from. 

Q. Does a fire radiate heat ? 

A. Yes ; and because burning fuel 
emits rays of heat, therefore v^efeel warm 
when we stand before a fire. 

Q. Why does our face feel uncomfortably 
HOT when we approach a fire ? 

A. Because the fire radiates heat 
upon the face ; which (not being covered) 
feels the effect immediately. 
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Q. Why does the fire catch the face more than 
ii does the rest of the body ? 

A. Because the rest of the body is 
covered with clothing*; which ("being a 
6ad conductor of heat) prevents the same 
sudden and rapid transmission of heat to 
the skin. 

Q. Do those sttbstances which radiate hetU 
ABSORB heat also? 

A. Yes. Those substances which 
radkUe most^ also absorb 7nost Iieat ; and 
those which radiate kastj also absorb tlie 
least heat. 

Q. Does anything else radiate heat besides 
ike SUN and fire 1 

A. Yes : all things radiate heat in 
some measure, but not equally well. 

Q. What things radiate heat the next best 
to the sun and fire I 

A. All diUl and dark substances are 
good radiators of heat ; but all li^ht and 
polished substances are bad. radiators, 

Q. Why should the flues (connected with 
stoves^ Sfc.^) he always blackened with black lead % 

A. In order that the heat of the flue 
may be more readily diffused throughout 
the room. Black lead radiates heat more 
freely than any other known substance. 

In heating a room with steam it would be absurd to use \y^ 
Hack pipes for conveying the steam, because they would 
tend to cod the hot vapor. 
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Q. Why does a polished metal tea-pot maJce 
BETTER TEA than a bladk earthen one ? 

A. Because polished metal ^being a 
very had radiator of heat) keeps the water 
hot much longer ; and the hotter the wa- 
ter is, the better it " draws" the tea. 

Q. Why tvill not a dull black tea-pot make 
good tea ? 

A. Because the heat of the water 
Jlies off so quickly through the dull black 
surface of the tea-pot, that the water is 
very rapidly cooled, and cannot " draw " 
the tea. 

Q. . Do n4>t pensioners and aged cottagers gene' 
rally prefer the little black earthen tea-pot to tke 
bright metal OTie ? 

A. Yes; because they set it on the 
hob " to draw ;" in which case, the little 
black tea-pot will make the best tea. 

Q. Why will a black tea-pot moJce better tea 
than a bright metal one, if it be set upon the hob to 
draw? 

A. Because the black tea-pot will 
absorb heat plentifully from the fire, and 
keep the water hot : whereas, a bright 
metal tea-pot (set upon the hob) would 
throic off the heat by reflection. 

Q. Then sometimes a black earthen tea-pot 
is the best, and sometimes a bright metal one ? 

A. Yes ; when a tea-pot is set on the 
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hob ^^to draw J ^ black earth is the be$t^ 
because it absorbs fieat : But, when a 
tea-pot is not set on the hob, bright met- 
al is the best ; because it radiates heat 
very slowly^ and therefore keq>s the loater 
hot. 

Q. Why does a saucepan which hat been used 
bail in a shorter time tha/n a new one % 

A. Because the bottom and back are 
covered with soot ; and black soot rapidly 
absorbs the heal of the glowing coals. 

Q. Why should the FRONT and lid of a sauoe- 
PAN be dean and bright ? 

A. Because they cannot absorb heat^ 
as they do not come in contact with the 
fire; and (being bright) they will not 
suffer the heat to escape by radiation. 

Q. In what state should a saucepan be in or- 
der that it may boil quicklt ? 

A. All those parts which come in 
contact with the fire^ should be covered 
with soo^, in order to absorb heat ; but 
all the rest of the saucepan should be as 
bright as possible, to prevent the ejscape 
of heat by radiation. 

Q. Why should not the bottom and back <f 
a kettle be cleaned and polished f 

A. Because, they come in con/a^ wiffi 
the fire, and (while they are covered with 
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black soot) absorb heat freely from the 
burning" coals. 

Q. Why should the front and tof of a kettle 
he CLEAN attd well polished ? 

A. Because polished metal will not 
radiate heat; and, therefore, (while the 
front and top of the kettle are well pol- 
ished) the heat is kept in, and not suffered 
to escape by radiation. 

Q. Why is the bottom of a kettle nearly 
COLD when the water is boiling hot 7 

A. Because black soot is a very bad 
conductor of heat ; and, therefore, the heat 
of the boiling water is some time before 
it gets through the soot which adheres to 
the bottom of the kettle. 

Q. Why is the lid of a kettle intensely hot 
when the water boils ? 

A. Because the bright metal lid is an 
admirable conductor ; and, therefore, the 
heat from the boiling water pours into our 
hand the moment we touch it. 

Q. Show the benefit of smoke in cooking ? 

A. The carbon of the fuel (which 
flies ofi'in smoke) naturally blackens all 
culinary vessels set upon the fire to boil, 
and thus renders them fit for use. 

"Culinary vessels" are vessels used in kitchens for 
cooking, as saucepans, boilers, ketttos, &c., (from the Latin 
word " Oullna/' a kitchen.) 
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Q. How does SMOKE ffiake cvliruvry vessels fit 
for USE ? 

A. By absorbing" heat. If it were 
not for the smoke (which gathers round 
a kettle or saucepan) heat would rwi be 
absoi-hed^ and the process of boiling would 
be greatly retarded. 

Q. Why is boiling water kept hot in a 
BRIGHT METAL pot better than in an earthen vessel f 

A. Because bright metal (being a 
bad radiator) will not throio off from its 
surface the heat of the boiling water. 

Q. Would a metal pot serve to keep water hot 
if it were dull and dirty ? 

A. No. It is the bright polish of the 
metal which makes it a bad radiator : if 
it were dull, scratched, or dirty, the heat 
would escape very rapidly. 

Water in hot weather is also kept cooler in bright metal 
than- in dull or earthen vessels. See p. 179. 

Q. Why are dinner -covers made of bright 

TIN or SILVER ? 

A. Because light-colored and highly- 
polished metal is a very bad radiator of 
heat; and, therefore, bright tin or silver 
will not allow the heat of the cooked food 
to escajye through the cover by radiation. 

Q. Why should a meat-cover be very brightly 

POLISHED ? 

A. To prevent the heat of the food 
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from escapin|2f by radiation. If a meat- 
cover be diUl or scratched^ it will absorb 
heat from the food beneath ; and (instead 
of keeping it hot) make it cold. 

Q. Why should a silver heat-cover be 
PLAIN and not chased ? 

A. Because a chafed meat-cover 
would €d)$orb heat from the food; and 
(instead of keeping it hot) make it cold. 

Q. What is dew? 

A. Dew is the vapor of the air conr 
densed by coming in contact with bodies 
colder than itself 

Q. Why is the ground sometimes covered 
vfith dew ? 

A. Because the surface of the earth 
(at sun-set) is made so very cold by radi- 
ation, that the warm vapor of the air is 
chilled by contact, and condensed into 
dew. 

Q. Why is the earth made colder than the 
AIR after the sun has set ? 

A. Because the earth radiates heat 
very freely, but the air does not ; in con- 
sequence of which, the earth is often 5 
or 10 degrees colder than the air (after 
sun-set) ; although it was much loaimer 
than the air, during the whole day. 

Q. Why is the earth warmer than the air 
durhhg the day ? 



DEW. 
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A. Because the earth absorbs solar 
heat very freely, but the air does not ; in 
consequence of which, it is often many de- 
grees warmer than the air, during the day. 

Q. Why is the surface of the ground colder 
in a FINE clear night than in a cloudy one ? 

A. Because, on a fine, clear star-light 
night, heat radiates Jrom the earth freely; 
and is lost in open space : but oii a datl 
night, the clouds arrest the process of ror 
diation. 

Q. Why is dew deposited only on a fine, ckar 

NIGHT ? 

A. Because the surface of the ground 
radiates heat most freely on a fine night ; 
and (being cooled down by this loss of 
beat) chills the vapor of tlie air into dew. 

Q. Why is there no dew on a dully cloudy 

NIGHT 7 ' 

A. Because the clouds arre^ the 
radiation of heat from the earth ; and (as 
the heat cannot freely escape) the sur- 
face is not sufficiently cooled down to 
chill the vapor oftfie air into dew, 

Q. Why is a cloudy night warmer than a 

FINE 0716 / 

A. Because the clouds prevent the 
radiation of heat from tlie eaith; in con- 
sequence of which, the surface of the 
earth remains warmer. 



V 
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y^ Q. Why is DEW most abundant in situations 

most EXPOSED ? 

A. Because the radiation of heat is 
not arrested by houses, trees, hedges, or 
any other thing. 

Q. Why is there scarcely any dew under a 
shady TREE ? 

A. 1st — Because the shady head of 
a tree arrests the radiation of heat from 
the earth : and 

2dly — A leafy tree radiates some of 
its own heat towards the earth ; in conse- 
quence of which, the ground underneath 
a tree is not sufficiently cooled down to 
chill the vapor of the air into dew. 

Q. Why is there never much dew at the foot 
of walls and hedges ? 

A. 1st — Because they act as screens, 
to arrest the radiation of heat from the 
earth: and 

2dly — They themselves radiate some 
portion of heat towards the earth ; in 
consequence of which, the ground at the 
foot of walls and hedges is not sufficiently 
cooled down, to chill the vapor of the air 
into dew. 

Q. Why is there' little or no dew beneath a 
FLO web -AWNING, although that awning be open on 
aUfowr sides ? 

A. 1st — Because the awning arrests 
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the radiation of heat from the ground 
beneath: and 

2dly — ^It radiates some of its own heat 
downwards; in consequence of which, 
the ground beneath an awning is not 
sufficiently cooled down, to chill the va- 
por of air into dew. 

Q. How can a thin caoering of bass or even 
MUSLIN protect trees from frost ? 

A. Because any covering prevents 
the radiation of heat from the tree ; and 
if trees are not cooled down by radiation, 
the vapor of the air will Tvot be frozen^ as 
it comes in contact with them. 

Bass prorumnce bas— « kind of matting used by garden-* 
en. 

Q. Why is the bass or canvass itself (which 
covers the tree) always drenched with dew % 

A. Because it radiates heat both up- 
wards and downwards; in consequence 
of which, it is so cooled down that it rea- 
dily ckiUs the vapor of the air into dew, 

Q. Why does snow {at the foot of a hedge or 
wall) mdt sooner than that in an open field 1 

A. Because the hedge or wall radi- 
ales heat into the snow beneath^ which 
melts it 

Q. Why is there no dew t^^ a windy nioht ? 
A. 1st — ^Because the wind evaporates 



198 COMMUNICATION OP HEAT. 

the moisture^ as fast as it is deposited : 
and 

2dly — It disturbs the radiation of heat ; 
and thus diminishes the deposition of 
dew. 

Q. Why are valleys and hollows often 
thickly covered with dew, although they are sheltered ? 

A. Because the surrounding hills 
prevent the repose of air from being dis- 
turbed; but do not overhang and screen 
the valleys sufficiently to arrest their ra- 
diation. 

Q. Why does dew faU more abundantly o% 
SOME THINGS than on others ? 

A. Because some things radiate heat 
more freely than others ; and, therefore, 
become much cooler in the night. 

Q. Why are things which radiate heai 
most freely always the most thickly covered 
with dew ? 

A. Because the vapor of the air is 
chilled into dew, the moment it comes in 
contact with them. 

Q. What kind of things radiate heat most 
freely 1 

A. Grass, wood, and the leaves of 
plants, radiate heat very freely : but pol- 
ished metal, smooth stones, and woollen 
cloth, part with their heat very tardily. 

Q. Do the leaves of all plants rudiate heai 

SQUALLY WELL ? 
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A. No. Rough, woolly leaves (like 
those of a holly-hock) radiate heat much 
more freely than the hard^ smooth^ polished 
leaves of a common laurel. 

Q. Show the WISDOM of God in making grass^ 
the leaves oftrees^ and all vegetables, excellent 
RADIATORS of heat ? 

A. As veg-etables require much mok" 
itjtre, and would often perish without a 
plentiful deposit of dew, God wisely 
made them to radiate heat freely, so as to 
chUl the vapor (which touches them) in- 
to dew. 

Q. WUl polished metal, smooth stones, and. 
woollen CLOTH, readily collect dew ? 

A. No. While grass and the leaves-, 
of plants are completely drenched with dew 
a piece of polished metal, or of woollen chth 
(lying on the same spot), will be almost 
dry, 

Q. Why would POLISHED METAL and wool- 
len CLOTH be DRY, whiU grass and leaves wrt 
dreTiched with dew ? 

A. Because the polished metal and 
woollen cloth part with their heat so slow- 
ly, that the vapor of the air is ma chiUed 
into dew as it passes over them. 

Q. Why is a gravel walk almost dry, when . 
« grass plat is covered thick with dew ? 

A. Because grass is a g(X)d radiatOTy 
9 
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and throws off its heat very freely ; but 

gravel is a very bad radiator^ and parts 

with its heat very slowly. 

Q. Is thai the reascn why grass u saturated 
\mJth DEW, wnd the gravel w not ? 

A. Yes. When the vapor of warm 
air comes in contact with the cold grass, 
it is instantly chilled into dew ; but it is 
not €0 freely condensed as it passes o^ier 
gravel, because gravel is not so cold as 
the grass. 

Q. Why does dew rarely fall upon hard 
ROCKS and barren lands 1 

A. Because rocks and barren lands 
are so compa^ct and hard, that they can 
neither absorb nor radiate much heat; 
and (as their temperature varies but very 
Mttle) very little dew distils upon them. 

Q. Why does dew fall more abundantly on 
tnJLTiVATED soils than on barren lands ? 

A. Because cultivated soils (being- 
hose and porous) very freely radiate by 
night the heat which they absorbed by 
day ; in consequence of which, they are 
much cooled down, and plentifully con- 
dense the vapor of the passing air into 
dew, 

Q. Show the wisdom of God in this arrange- 

A. Every plant and inch of land. 
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which needs the moisture of dew, is 
adapted to collect it; but not a single 
drop is wasted where its refreshing mois- 
ture is not 7'equired. 

Q. Show the advantage to us in having pol- 
ished METAL and woollen cloth bad radiators oj 
hecU, 

A. If polished metal collected dew as 
easily as grass, it could never be kept dry 
and free jfr-am rust. Again, if woollen 
garments collected dew as readily as the 
leaves of trees, we should be ojien soak- 
ing wet, and subject to constant colds. 

Q. Show how this affords a beautiful illustra- 
tion of Gideon's miracle, recorded in the book of 
Judges, VI. 37, 38. 

A. The fleece of wool (which is a very 
bad radiator of heat) was soaking ii^e^ 
with dew, when the grass (which is a 
most excellent radiator) was quite dry, 

Q. Was not this contrary to the laws of 

NATURE ? 

A. Yes ; and was, therefore, a plain 
demonstration of the power of God, who 
could thus change the very nature of 
things at his will. . 

Q. Why do ov/r clothes peel damp, dier 
walking in a fine evening in spring or autumn ? 

A. Because the vapor (condensed by 
the cold earth) lights upon them like dew. 
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Q. Why are windows often covered with thick 
MIST, and the frames wet with staiiding water 1 

A. Because the temperature of the 
external air always faUs at sunset, an.d 
chills the vnndow-glass with which it 
comes in contact. 

Q. How does this account for the mist and wa- 
ter on a WINDOW ? 

A. As the warm vapor of the room 
touches the cold gUiss it is chilled and c(m- 
densed into mist ; and the mist (collect- 
ing* into drops) rolls down the window- 
frame in little streams of water. 

Q. Does the glass of a window cool doton 
more rapidly than the air of the room itself? 

A. Yes; because the air is kept 
warm by Jires, and by the animal heat 
of the people in the rooni ; in consequence 
of which, the air of a room suffers very 
little diminution of heat from the setting' 
of the sun. 

Q. Whence arises the vapor of a room ? 

A. 1st — The very air of the room 
contains vapor : 

2dly — The breath and insensible per* 
spiration of the inmates increase this 
vapor: and 

3dly — Hot dinners, the steam of tea^ 
and so on, increase it still more. 
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Q. WTiat is meant by ^Hhe insensible per- 
spiration ?" 

A. From every part of the human 
body, an insensible and invisible persph- 
ration issues all nig-ht and day ; not only 
in the hot weather of summer, but also 
in the coldest day of winter, 

Q. If the perspiration be both insensible and 
INVISIBLE, how is it known that there is any such 
perspiration ? 

A. If you put your naked arm into a 
clean, dry glass tube, the perspiration will 
condense on the glass like mist. 

Q. Why a/re carriage windows very soon 
covered with thick mist ? 

A. Because the warm vapor of the 
carriage is condensed by the cold glass^ 
and covers it with a thick mist. 

Q. Why is the glass window cold enough to 
condense the vapor of the carriage ? 

A. Because the insuie of a carriage 
is much warmer than the outside ; and 
the glass window is made cold by con- 
tact with the external air. 

Q. Where does the warm vapor of the car- 
riage come from ? 

A. The warm breath and insensible 
perspiration of the persons riding, load 
the air of the carriage with warm vapor. 

0. What is the cause of the pretty frost- 
work, seen an hed-^room windows in wintertime f 
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A. The breath and insensible perspi- 
ration of the sleeper (coming* in cbntact 
with the ice-cold window) ixre frozen by 
the cold glass, and form those beautiful 
appearances seen in our bed-rooms on a 
winter morning. 

Q. Why is the glass of a window colder than 
the WALLS of a room ? 

A. Because glass is so excellent a ra- 
diator, that it parts with its heat more 
rapidly than the walk do. 

Q. Why is a tumbler of cold water made 
quite dull with mist, when brought into a room 

FULL of PEOPLE ? 

A. Because the hot vapor of the room 
is condensed upon the cold tumbler, with 
which it comes in contact ; and changes 
its invisible and gaseous form into that 
of a thick mist, 

Q. Why is a glass made quite dull by lay- 
ing a HOT HAND upon ii ? 

A. Because the insensi h\e perspiration 
of the hot hand is condensed upon the cold 
glass, and made perceptible. 

Q. Why are wine-glasses made quite dull, 
when they are brought into a room full of covcp any ? 

A. Because the hot vapor of the 
room (coming in contact with the cold 
wine-glasses) is condensed upon them, 
and covers them with vapor, like dew. 
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Q. Why does this misty ofpearanee go off, 
after a little time ? 

A. Because the glass becomes of the 
same temperature as the air of the room ; 
and will no longer chiU the vapor which 
touches it, and condense it into mist. 

Q. Why is a wind glass (which has been 
br might (mt of a cellar inio the air) covered toilh 
a thick MIST in summer-time ? 

A. Because the vapor of the hot air 

is condensed into a thick mist, by contact 

with the cold glass. 

Q. Why does breathing on a glass make it 
quite DULL ? 

A. Because the hot breath is con-- 
densed by the cold glass ; and therefore 
covers it with a thick mist. 

Q. Why are the walls of a home covered 
with WET in a sudden thaw? 

A. Because the walls (being thick) 
cannot change their temperature so fast 
as the air ; in consequence of which, they 
r^ain their cold after the thaw has set in. 

Q. How does " retaining their cold'' account 
for their being so wet ? 

A. As the vapor of the warm air 
touches the cold waHs, it is chiUed and 
condensed into water ; which either sticks 
to the walls or trickles down in little 
streams. 
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Q. Why does a thick well-built house con- 
tract more damp of this kind than an ordinart 
one? 

A. Because the walls are much 
thicker ; and (if the frost has penetrated 
far into the bricks) they will be some 
time before they are reduced to the same 
temperature as the air. 

Q. Why are balusters, ^e,, dabip c^ier a 

THAW? 

A. Because they are made of some 
very close-grained varnished , wood, 
which cannot change its temperature so 
fast as the air. 

Balusters— corruptly called banisters. 
Q. How does this accourd for the balusters 
being damp ? 

A. The vapor of the warm air (com- 
ing* in contact with the cold balusters) is 
chilled and condensed into icater upon 
them. 

Q. Why is owr breath visible in winter, 
. and NOT in summer ? 

A. Because the intense cold con- 
denses our breath into visible vapor; 
but in summer the air is not cold enough 
to do so. 

Q. Why are our hair and the brim of our 
HAT often covered with little drops of pearly dew 
in tointeT'time f 

A. Because our breath is condensed 
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as soon as it comes in contact with our 
cold hair or hat, and hangs there in little 
dew-drops. 

Q. Why does the steam of a railway boiler 
often pov/r cbwn, like fine rain, when the steam is 
''let off r 

A. Because in cold weather the 
steam from the chimney is condensed. hy 
the chill air and falls like fine rain. 

Q. Why is there less dew when the wind is 
WESTERLY, than when the wind is easterly ? 

A. Because westerly winds cross the 
continent, and, (as they pass over land) 
are dry and arid: But easterly winds 
cross the AUaMic Ocean, and (as they 
pass over water) are inoist and full of 
vapor. 

Q. How does the dryness of a westerly wind 

PREVENT DEW-PALLS ? 

A. As westerly winds are very dry, 
they imbibe the moisture of the air ; in 
consequence of which, there is very little 
left to be condensed into dew. 

Q. How does the moistness of an eastern vnnd 
PROMOTE dew falls ? 

A. As easterly winds are saturated 
with vapor, they require very little re- 
duction of heat to cause a copious deposi- 
tion of dew, 

Q. When is dew most copiously distUled ? 
9* 
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A. After a hot day in summer or 
autumn, especially if the wind be easterly. 

Q. Whtf is DEW distilled most copiously trf- 
ter a hot day 1 

A. Because the surface of the hot 
earth radiates heat very freely at sunset, 
and (being made much colder than the 
air) chills the passing vapor and con- 
denses it into dew. 

Q. Does not air radiate heat, as toeU as the 
EARTH and its vavious plants ? 

A. No. The air never radiates heat ; 
nor is the air made hot by the rays of 
the sun, 

Q. How is the air made hot or cold ? 

A. By convection of hot or cold cur- 
rents. 

Q. Explain this. 

A. The air which has been heated by 
the surface of the earth ascends, warm-, 
ing- the air through which it passes. 
Other air (being warmed in a similar 
way) also ascends^ carrying heat; and 
this is repeated, till all the air is made hot. 

Q. How is the air made cold ? 

A. The air resting on the earth is 
made cold by contact : this cold air makes 
the air abaoe it cold; and cold currents 
(or winds) shake the whole together^ till 
all becomes of one temperature. . 
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Q. Why is MEAT very subject to taint on a 
MOONLIGHT night f 

A. Because it radiates heat very freely 
in a bright moonlight night ; in conse- 
quence of which, it is soon covered with 
aew^ which produces rapid decomposition. 

Q. How do MOONLIGHT uights condtbce to the 
rapid growth of plants ?^ 

A. Radiation is carried on very 
rapidly on bright moonlight nights ; in 
consequence of which, dew is very plen- 
tifully deposited on young plants, which 
conduces much to their growth and vi- 
gor. 

Q. Why is evening dew injurious to h e alth ? 

A. Because it is always laden with 
noxious exhalations from the earth ; espe- 
cially in marshy countries. 

Q. Is honey-dew a similar thing to dew 1 

A. No. Honey-dew is a sweet liquid 
shed by a very small insect (called the 
a phis) and deposited in autumn on ihe 
under surface of favorite leaves. 

Frequently also on Lime Trees, in the Spring;. 

Q. Does HONEY-DEW INJURE leaves, or do them 
good ? 

A. It injures them very much, by fill- 
ing the pores with a thick, clammy liquid ; 
in consequence of which, the leaf can 
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neither tran^re nor a6sor6 its needful 
food. 

Q. What EFFECT has honey^dew wpon the 

APPEARANCE of a Uof? 

A. After a little time, the leaf (being 
stnothered and staived) begins to turn a 
dingy yellow. 

Q. Are not ants very FpND ^honey-dew? 
A. Yes; and crawl up the loftiest 
trees in order to obtain it. 

Q. What is the cause of mist {or earth-fog) T 

A. If the night has been very ccuniy 
the radiation of heat from the earth has 
been very abundant ; in consequence of 
which, the air (resting on the earth) has 
been chUled, and its vapor condensed 
into a thick mist. 

Q. Why does not the mist become dew ? 

A. Because the chill of the air is so 
rapid, that vapor is condensed faster 
than it can be deposited ; and (covering 
the earth in a mist) prevents any further 
radiation of heat from the earth. 

Q. When the earth can no longer radiate 
heat upwards, does it continue to condense the vapor 
of the air ? 

A. No ; the air (in contact with the 
earth) becomes about equal in tempera- 
ture with the surface of the earth itself; 
for which reason, the mist is not con- 
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densed into deiv, but remains floating 
above the earth as a thick cloud. 

Q. This MIST seems to rise higher and 
HIGHER, and yet remains quite as dense below as at 
first. Explain the ca%se of this. 

A. The air resting on the earth is 
first chilled, and chiUs the air resting- on 
it ; the air which touches this ri£w layer 
of nf]ist being oho condensed, layer is 
added to layer : And thus the mist seegfis 
to be risings when (in fact) it is only 
deepening, 

Q. Why do hist and dew vanish, as the sun 
rises ? 

A. Because the air becomes warmer 
at sun-rise, and absorbs the vapor. 

Q. Why is a dew-drop round ? 

A. Because every part of it is equally 
balanced; and, therefore, there is no 
cause why one part of the drop should 
be further from the centre than another. 

Q. Why is the dew-d&op {an a broad leaf) 
sometimes flattened ? 

A. Because two or more drops of 
dew roll together^ and make one large 
spheroid (or flattened drop). 

Q. Why will dew-drops roll about cab* 
bage-plants, poppies, 6fc,^ viithout wetting the sitr^ 
face? 

A. Because the leaves of cabbages 
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and poppies are covered with a very fine, 
waxen powdei^ over which the dew-drop 
rolls without wetting the surface, as a 
drop of rain would over dust. 

Q. Why does 7wt a drop of rain wet the 
DUST ooer which it rolls ? 

A. Because dust has no affinity for 

water, and, therefore, repels it. 

Q. Why does riot the dew-drop wet the pow- 
der of the CABBAGE-PLANT? 

A. Because the fine powder which 
covers the cabbage-leaves has no affinity 
for water, and, therefore, repels it. 

Q. Why will DEW-DROPS roll over a rose, 
4'c., without wetting the petals ? 

A. Because the leaves of a rose con- 
tain an essential oilj which has no affinity 
for water, and, therefore, repels it. 

Q. Why caiu swans a-nd ducks dive under 
water without being wetted ? 

A. Because their feathers are cover- 
ed with an oily secretion^ which has no 
affinity for water, and, therefore, re- 
pels it. 

Q. What is the cause of m&T^ 

A. Currents of air from the water 
coming in contact with colder land cur- 
rents. 

Q. Why are the currents of air from the land 
COLDER than those blomng over water 9 
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A. Because the earth radiates heat 
«fter sun-set more freely than water ; 
consequently the air which comes in con- 
tact with the land is more cold than 
that which comes in contact with water. 

For other questions respecting land and sea breezes see 
Chapter XXIV. 

Q. Why is not the air which passes over 
WATER so COOL as thot which passes over land ? 

A. Because water does not cool 
down at sun-set so fast as land does ; 
and, therefore, the air in contact with it 
remains warmer. 

Q. Why does not water cool down so fast as 

LAND? 

A. 1st — Because the surface of water 
is perpetually cfmnging ; and, as fast as 
one surface is made cold, another is pre- 
sented : and 

2dly — The moment water is made 
cold it sinks, and warmer portions of wa- 
ter rise to occupy its place : therefore, 
before the surface of water is cooled, the 
whole volume must be made cold : which 
is not the case with land. 

Q. What is the cause of a ^^ pea-sotip" Lon- 
don FOG? 

A. These fogs (which occur general- 
ly in the winter time) are occasioned 
thus : — Some current of air (being sud- 
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denly cooled) descends into the loami 
streets, forcing back the smoke in a mass 
towards the earth. 

Q. Why are there noi fogs every nigkt f 

A. Because the air will always hold 
in solution a certain quantity of vapor, 
(which varies according" to its tempera- 
ture :) and, when the air is not saturated^ 
it may be cooled without parting with 
its vapor. 

Q. When do poos occwr at night f 
A. When the air is saturated with 
vapor during the day. When this is the 
case, it deposits some of its superabun- 
dant moisture in the form of dew or fog 
as soon as its capacity for holding vapor 
is lessened by the cold nighL 

Q. Why is there very often a fog over 
MARSHES and rivers, at night-time? 

A. Because the air of marshes is 
almost always near saturation; and, 
therefore, the least depression of tempe- 
rature will compel it to relinquish some 
of its moisture in the form of dew or 
fog. 

Q. What is the difference between dew and 

RAIN? 

A. In deio, the condensation is made 
near the earth^s surfa4:e. 
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In rairiy the drops fall from a consi- 
derable height. 

Q. What is the cause of both dew and rain f 

A. Cold condensing the vapor of the 
air when near the point of saturation. 

Q. Why do MIST arid fog vanish at sun-rise f 

A. Because the condensed particles 
are again changed into inmsihle vapor by 
the heat of the sun. 

Q. Wh/U is the difference between a mist and a 

FOG? 

A. Mist is generally applied to va- 
pors condensed on marshes^ rivers^ and 
iakes. 

Fog is generally applied to vapors 
condensed on land; especially if those 
vapors are laden with smoke. 

Q. What is the reason why conderued vapor 
sometimes forms into clouds, and sometimes into 

FOG? 

A. If the surface of the earth is 
hotter than the a/>, the vapor of the 
earth is chUkd by the cold avr^ and be- 
comes FOG : But if the air is hotter than 
the earthy the vapor rijses through the air^ 
and becomes cloud. 

Q. If cold air prodttces fog, why is it not 

foggy on a FROSTY MORNING 1 

A. 1st — Because less vapor is formed 
on a frosty day: and 



210 COMMUNICATION OP HEAT. 

2dly — ^Tbe vapor is frozen upon the 
ground, before it can rise from the earth, 
and becomes hoar-frost. 

Q. Why are fogs more general in autubin 
than in spring ? 

A. 1st — Because the air in spring* is 
generally much drier than it is in autumn ; 
j^n consequence of which, it is not so near 
the point of saturation : and 

2dly — The earth in spring is not so 
hot as it is in autumn ; in consequence 
of which, its vapor is not chilled into fog 
as it issues into the air. 

Q. W%y a/re fogs more common in yallets 
than on hills ? 

A. 1st — Because valleys contain 
more moisture than hills : and 

2dly — ^They are not exposed to sufl3i- 
cient idnd to dissipate the vapor. 

Q. How does wind dissipate fogs ? 

A. Either by blowing them away; 
or else by dissolving them into vapor 
again. 

Q. What is hoar-frost 1 

A. There are two sorts of hoar-frost ; 
1. — ^Frozen dew : and 2.— -Frozen fog. 

Q. What is the cause of the ground hoar- 
frost, or frozen dew? 

A. Very rapid radiation of heat from 
the earth ; in consequence' of which, the 
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wTjface is so cooled down that it freezes 
the dew condensed upon it. 

Q. Why is hoar-prost seen ordy after a very 

CLEAR MIGHT ? 

A. Because the earth will not have 
thrown off heat enough by radiation to 
freeze the vapor condensed upon its sur- 
face, unless the night has been very clear 
indeed. 

Q. Why does hoar>fro8T very often coyer 
the GROUND and trees, when the water of rivers is 
not frozen ? 

A. Because it is not the effect of cold 
in the air, but cold on the' surface of the 
earth (produced by excessive radiation), 
which freezes the dew condensed upon it. 

Q. Why is the hoar-frost upon grass and 
VEGETABLES much thicker than that upon lofty 

TREES? 

A. Because the air (resting on the 

sujfcu^e of the ground) is much colder 

after sun-set than the air higher up ; in 

consequence of which, more vapor is 

condensed eiud frozen there. 

Q. Why is the air {resting on the surface of 
the earth) colder than that in the higher regions f 

A. Because the, earth radiates more 
heat than the leaves of lofty trees ; and, 
therefore, more rapidly condenses and 
freezes the vapor of the air. 
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Q. Why are evehoreens often F&osT-BrrrEiv 

when lofty trees are not ? 

. A. Because they do not rise far above 
the surface of the earth ; and (as the air 
contigiious to the earth is made colder by- 
radiation than that in the higher regions), 
therefore, the hio evergreen is often frost- 
bitten, when the lofty tree is uninjured. 

Q. Why is there little or no hoar-frost un- 
der SHRUBS and shady trees ? 

A. 1st — Because the leafy top arrests 
the process of radiation from the earth : 

2dly — Shrubs and trees radiate hecU 
towards the earth: and, therefore, the 
ground beneath is never cold enough to 
congeal the little dew which rests upon it. 

Q. What is the cause of that hoar-frost 
which a/rises ftrom frozen fog? 

A. The thick fog which invested the 
earth during the night (being condensed 
by the cold frost of early morning), is con- 
gealed upon every object with which it 
comes in contact. * 
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CHAPTER XIX. 

5. — Convection. 
Q. What is mearU by the convection of 

HBAT? 

A. Heat communicated by being 
carried to another thing or place ; as the 
hot water resting on the bottom of a ket- 
tle carries heat to the water through 
which it ascends. {See p. 226.) 

Q. Are liquids good conductors of heat ? 

A. No ; liquids are bad conductors ; 
and are, therefore, made hot by convec*- 
tion. 

Q. Why are uquids bad conductors rf 
heat? 

A. Because heat converts a liquid into 
steam ; and flies off with the vapor in- 
stead of behig conducted through the 
liquid. 

Q. Explain how water is made hot. 

A. The water nearest the fire is first 
heated, and (being heated) rises to the 
top ; while its place is supplied by cold^ 
portions, which are heated in turn, till 
aU the water is boiling hot. 

Q. Why is water in such continual ferment, 
when it is boiling ? 

A. This commotion is mainly produ- 
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ced by the ascending and descending cur^ 
rents of hot and cold water. 

The escape of steam ^rom the water contributes also to 
increase this a^tation. 

Q. How do these two currents pass each other f 

A. The }wt ascending current rises up 

through the cerUre of the mass of water; 

while the cold descending currents pass 

down by the metal sides of the kettle. 

For other questions on the subject of boiling water, 
see from page 109 to 116. 

Q. Why is heat applied to the bottom, and 
not to the top of a kettle f 

A. Because the heated water always 
ascends to the surfoice^ heating the water 
through which it passes ; if, therefore, 
heat were applied to the top of a vessel, 
the water belhw the sarfojce would never 
be heated. 

Q. As the lower pa/rt of a grate is made red- 
hot by the fire above, why woM not the water 
boU^ if fire were applied to the top of a kettle ? 

A. The ir(m of a grate is an excellent 
conductor ; if, therefore, one part be heat- 
ed, the heat is cojiducted to eoery other 
part : But water is a very had conductor^ 
and will not diflfiiseheat in a similar way. 

Q. Prove that water is a bad conductor cf 
heat. 

A. When a blacksmith immerses his 
red-hot iron in a tank df water, the water 
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which surrounds the iron is made boiling 
hot^ while that below the surface remains 
quite cold. 

Q. ^you wish to cool liquids, where should 
the cold be applied ? 

A. To the top of the liquid; because 
the cold portions will always descend^ and 
allow the warmer parts to come in con- 
tact with the cooling substance. 

Q. Does BOILING water get hotter by being 

KEVT on the F IKE 1 

A. No : — not if the steam be suffered 
to escape. 

Q. Why does not boiling water get hotter, 
if the steam be suffered to escape ? 

A. Because the water is converted 
into steam as fast as it boils ; and the 
steam carries away the additional heat. 

Q. Why does soup ke^ hot longer than bail- 
ing water ? 

A. Because the grease and various in- 
gredients floating in the soup, oppose the 
ascending motion of the hot particles, 
and prevent their rising so freely to the 
surface. 

Q. if you wanted to keep water hot for a 
long time, how could it be done f 

A. By adding a little starch or flour 
to the water. 

Q. Why would a little starch, added to bail* 
ing waiter f serve to keep it hot t 
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A. Because it would oppose the 
ascending motion of the hot particles of 
water, and prevent their rising so freely 
to the surface. 

Q. WTiy do THICK MILK, RICE MILK, 4*^,, re- 
main WiT longer than water ? 

A. Because the ascending motion of 
the hot particles is opposed by the flour 
or rice, and cannot so quickly reach the 
surface. 

Q. Is STEAM visible or invisible ? 

A. Steam is invisible; but when it 
comes in contact with the air (being 
condensed into small drops) it instantly 
becomes visible. 

Q. How do you know that steam is invisible ? 

A. If you look at the spout of a boil- 
ing kettle, you will And that the steam 
(which issues from the spout) is always 
invisible for about half an inch ; after 
which it becomes visible. 

Q. Why is the steam invisible for half an 

INCH? 

A. Because the air is not able to 
condense it, as it first issues from the 
spout ; but when it spreads and comes in 
contact with a larger volume of air, the 
invisible steam is readily condensed into 
visible drops. 

Q. Wht do steah-enoinbs sometimes burst 9 
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A. Because steam is very elastic; 
and this elasticity increases in a greater 
proportion than the heat which produces 
it ; unless, therefore, some vent be freely 
allowed, steam will burst the vessel 
which confines it. 

Q. Is AIR a good CONDUCTOR 1 

A. No ; air is a very bad conductor; 
and is heated (like water) by convection. 

Q. How is a room warmed by a stove ? 

A. The air nearest the fire is made , 
hoi Jirst and rises ; cold air then descends, , 
is heated, and ascends in like manner;; 
and this interchange goes on till ail the 
air of the room is warmed. (See p. 56.) 

Q. m^y are fires placed an the floor of a 
rooMj and not towards the ceiling ? 

A. Because heated air always as- 
cends. If, therefore, the fire were not 
near the floor, the air of the lotoer part of 
the room would never be heated by the 
fire at all. 

Q. If you take a poker otU of the fire^ arkd 
hdtd the HOT END DOWNWARDS, why is the handle 
iiUensely hot ? 

A. Because the hot end of the poker 
heats the air around it ; and this hot air 
(in its ascent) scorches the p(Jcer and tha. 
hand which holds it. 
10 
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Q. How shaufd a bed-hot pokee be carried^ 
so as net to BVRV our fingers ? 

A. With the hot end upimrds ; for 
then the air (heated by the poker) would 
not pass over our hand and scorch it. 
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CHAPTER XX. 

THE ATMOSPHEHE. 

Q. Of what is atmospheric air composed ? 

A. Principally of two gases, oxygen 
and nitrogen, mixed together in the 
following proportion: viz., 1 gallon of 
oxygen to 4 of nitrogen. 

It must not be forgotten that the air contams small 
quantities of other gaseous substances also, as vapor of 
toater^ carbonic addj and ammonia. 

Q. What do you m£an by a gas 7 

A, A perrnanerU elastic fluid resem- 
bling air. 

N. B. MOST OASES ARK INTISIBLE OR COLORLESS, LIKE AIR. 

"Permanent," — In this respect gas differs from vapor ^ 
which is not permanent; for vapor may be easily con- 
densed by cold into a Uqnid^ but gas never changes its 
gaseous form. 

" Elastic," — In this respect gas differs from a liquid, 
which is almost inelastic; whereas gas is exceedingly 
elastic. ^ 

"Resembling air," or aeriform.— The word "Gas" 
means air, but air is a compound of two ^ases. * Some 
few gases are visible, as chlorine, which is a greenish 
yellow. 

219 
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Q. Whai is the d^erence between a gas and a 

LIQUID ? 

A. Gases are elastic, but liquids m^. 
Q. lUnstrate what is Tneant by '' the elasticity 

A. If from a vessel full of gas half 
were taken out-^the other half would im- 
mediately spread itself out, and fill the 
same space as was occupied by the iohole. 

Q. Prove that a liquid is not elastic. 

A. If from a gallon of water you take 
half, the remaining 4 pints will take up 
only half the room that the whole gallon 
previously did : a liqyid, therefore, is not 
elastic like ga;s, 

strictly speaking, a liquid is sLighMy elastic ; inasmuch ' 
as it may be compressed and will afterwards recover its 
former dimensions. 

Q. Wha/t are the use^ cf the oxygen cf the air f 
A. To support combustion and sus- 
tain life. 

Q. What is meant, when it is said, that the 
oxygen of the air "supports combustion?" 

A. it means this: It is the oan/gen 
of the air which makes /ite/ burn. 

Q. How does the oxygen of the air make fuel 

BURN? 

A. The fuel is decomposed (by heat) 
into hfdrogen and carbon; and these 
elements combining with the oxygen of 
the air produce combustion. 
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Q. What OAS is produced by the combination 
cf carbon and oxygen ? 

A. Carbonic acid gas. (Seep. 43.) 
Q. WTuU becomes of the hyprooen (f the 

A. The hydrogen of the fuel combines 
with the oxygen of the air, and forms 
WATERY VAPOR ; but the combination is 
attended by the production of Jlamey 
owing to the very inflammable nature 
of hydrogen gas. 

Q. What becomes of the nitrogen of the air, 
amidst all these changes and combinations ? 

A. The nitrogen escapes unchanged^ 
to be again mixed with oxygen, and con- 
verted into common air. 

Q. What is meajUj when it is said, that oxy- 
gen " SUSTAINS LIFE ?" 

A. It means this : If a person could 
not inhale oxygen, he would die. 

Q. What GOOD does this inspiration of oxtgen 
do? 

A. 1st — ^It gives vitality to the blood : 
and 

2dly — It is the cause of animal heat. 

Q. How is FOOD converted into blood t 

A. After it is swallowed, it is dis- 
solved in the stomach into a grey piUp, 
called Chyme ; it then passes into the in- 
testines, and is converted by the " bile" 
into a nUlky substance, called chyle. 
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Chyme— pr<m«tMic« kyme— chyle prajMunu kyle— <a^:A 
as one syllable. 

Q. Wha4 BECOMES of the mUky svhstaru^e 
called CHYLE ? 

A. It is absorbed by the vessels call- 
ed " lacteahj^ and poured into the veins 
on the left side of the neck. 

Lfkc^te&ls—jnrcmau/nce Lac*-te-als. 
Q. What becomes of the chyle, after it is 
POURED into the veins ? 

A. It mingles with the bloody and is 
itself converted into blood also. 

Q. How does the oxygen we inhale mingle 
vnth the blood ? 

A, The oxyg-en of the air mingles 
with the blood in the lungs, and converts 
it into a bright red color, • 

Q. Whai color is the blood before it is oxi- 
dized in the lungs ? 

A. A dark purple. The oxygen turns 
it to a bright red. 

Oxidized, i. e., impregnated with oxygen. 
Q. Why are persons so pale, who live in 
close rooms and cities ? 

A. Because the .blood derives, its 
redness from the oxygen of the air inhal- 
ed ; but, as the air in close rooms and 
cities is not fresh, it is deficient in oxygen, 
and cannot turn the blood to a beautiful 
bright red. 

Q. Why a/re persons, who live in the open 
air and in the caurUry, rfa jtUDur compkxian f 
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A. Because they inhale fresh air 
which has its full proportion of oxygen : 
and the blood derives its bright red color 
from the oxygen of the air inhaled. 

Q. Why is not the air in cities so fresh as 
that in the country 7 

A. Because it is impregnated with 
the breath of its numerous inhabitants, 
the odor of its seioers, the smoke of its 
Jires, and many other impurities. 

Q. How does oxtoen convert the color of blood 
into a bright red 1 

A. The coloring matter of the blood 
is formed by very minute globules float- 
ing in it ; the oxygen (uniting with the 
coats of these gkhules) makes them milky 
— and the dark coloring matter of the 
blood (seen through this milky coat) 
appears of a bright red, 

Exp. :— If you put some dArk venous blood into a mUky 
glass, and hold it np towards the lifht^ it will appear of a 
brighifiorid color like arterial blood. 

Q. How does the coifBiNATioN cf oxtoen toiih 
the BLOOD prodtbce anifnat heat 9 

A. The principal element of the 
blood is carbon ; and this carbon (com- 
bining with the oxygen of the air inhaled) 
produces carbonic a^dd gas, in the same 
way as burning fuel. (Seep. 43.) 

Q. What becomes (f the nitrogen of the air, 
after the oxygen enters the blood ? 
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A. It is thrown out from the lungs 
unchanged, by the act of breathing ; to 
be again mixed with oxygen and con- 
verted into common air. 

Q. Why does the vitiated air {after the oxy- 
gen has been absorbed) come out of the mouth, and 
not sink inio the stomach f 

A. Because a mechanical provision 
is made in the upper part of the wind- 
pipe and gullet for this purpose. 

N. B. The lungs are a hollow , spongy masSj capable of 
confining air and of being dilated by it. They are so situ- 
ated in the thorax (or chest), that the air must enter into 
them, whenever the cavities of the thorax are enlarged. 
The process of breathing is perfon^ed thus : When we 
INHALE, the thorax (or chest) is expanded ; in consequence 
of which, a vacuum is formed round the lungs, and heavy 
external air instantly enters (through the mouth ana 
throat) to supply this vacuum. 

When we exhale, the thorax contracts again ; in conse- 
quence of which, it can no longer contain the saine quav^ 
iiiy of air as it did before ; and some of it is necessarily 
expelled. When this expulsion of air takes place, the lungs 
and muscular fibres of the wind-pipe and gullet contract m 
order to assist the process. 

Q. If (both in combustion and respiration) the 
'OXTOEN <f the air is consumed, and the nitrooen 
JILEJECTED — Why are not the proportions of the 
AIR destroyed ? 

A. Because the under surface of vege- 
table leaves (during the day) gives out 
ostygen ; and thus restores to the air the 
very element of which it has been de- 
prived. 
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Q. Whence do Uana obtain ike oxygen 
vfkich ihey exhale ? 

A. From the carbonic aad absorbed 
by the ro(^ fmm the soil, and carried to 
the leaves by the rising sap. 

N. B. Carbonic acid (it most be remembered) is a 
compound of carbon and oxygen. 

Q. How do plants contrive to absorb carbonic 
acid from the soil f 

A. It rises (by capillary attraction) 
through the small fibrous roots, after it 
has been dissolved in the soil by water. 

Q. Whence does the soil obtain carbonic add f 

A. 1st — From the air ; from which it 
is driven by falling showers : 

2dly — From the decomposition of ve- 
getable and animal matters, which al- 
ways produces this gas in abundance : 
and 

3dly — All lime-stone, chalk, and cal- 
careous stones, contain vast quantities of 
carbonic acid in a solid state. 

Calcareous, i. e., of a limy nature. 
Q. ^ leaves throw off the oxtoen of the car- 
bonic acid, what becomes of the carbon ? 

A. It is retained to give^r/nness and 
solidity to the plant itself. 

Q. Show how God has made animal life de- 
pendent on that of vegetables. 

A. Animals require oxygen to keep 
them alive, and draw it from the air by 
10* 
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inspiration : The under surface of leaves 
gives out oxygen ; and thus supplies the 
air with the very gas required for the 
use of animals. 

Q. Show how God has made vegetable life 
dependtTU on that of animal. 

A. Plants require carbonic add, 
which is their pindpal food; and all an- 
imals exhale the same gas from their 
lungs. Thus plants supply animals with 
oxygen, and animals supply plants with 
carbonic ood. 

Q. How is AIR HEATED ? 

A. By " convective currents." 

Q. Explain what is mearU by "convective 

CURRENTS." 

A. When a portion of air is heated, 
it rises upwards in a current, carrying* 
the heat with it ; other colder air succeeds, ' 
and (being heated in a similar way) as- 
cends also : These are called " convective 
currents." 

(" Convective currents ;" so called from the Latin words, 
cum-vectus {carried wUh)\ because the Aeo^ is "carried 
with " the current.) 

Q. h AIR HEATED by the rays of the sun % 

A. No ; air is not heated (in any sen- 
sible degree) by the actiim of the san^s 
rays passing through it. 

Q. Why then is the air hotter on a 80NNY 
DAT, than on a cloudy one I 
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A. Because the sun heats the surface 
of the earthy and the air (resting on the 
earth) is heatod by contact : as soon as it 
is heated it ascends ; while its place is 
supplied by coWl£r portions which are 
heated in turn also. 

Q. J^AiKbe a bad conductor, why does hot 
IRON become cold by exposure to the air 1 

A. Because it is made cold — 1st — 
By " convection ;" and 2dly — By " radi- 
ation." 

Q. How is hot iron made add by convection ? 

A. The air resting on the hot iron 
(being intensely heated), rapidly ascends 
with the heat it has absorbed ; colden* air 
succeeding absorbs more heat and as- 
cends also ; and this process is repeated 
till the hot iron is coined completely down. 

Q. How is hot iron cooled by radution ? 

A. While its heat is being carried off 
by " convection," the hot iron throws off 
heat (on all sides) by radiation also. 

Q. What is meant by radiation ? 

A. Heat emitted (in all directions) 
from any surface by rays. 

Q. How is BROTH oooLED by being l^ ex- 
posed to the AIR ? 

A. It throws off some heat by radia- 
tion; but it is mainly cooled down by 
convection. 
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Q. How is hot BROTH cooled dawn by convec- 
tion? 

A. The air resting on the hot broth 
(being heated) ascerms; colder air suc- 
ceeding" absorbs more heat, and ascends 
also; and this process is repeated till 
the broth is nume cool. 

The particles on the surfiice of the broth svnk as they 
are cooled down, and warmer particles rise to the snr&oe ; 
which gi-adually assists the cooling process. 

Q. Wfiy is hot TEA arid broth cooled faster 
by being stirred about ? 

, A. 1st — Because the agitation assists 
in bringing its hotted particles to the 
surfoice, 

2dly — ^The action of stirring agitates 
the air, and brings it more quiMy to the 
broth or tea : and 

3dly — As the hotter particles are more 
rapidly brought into contact with the 
air, therefore, convection is more rapid. 

Blowing tea or broth cools it also. {See p. 168.) 
Q. J^ a shtUter be dosed in the day-time, the 
stream of light {piercing through the crevice) seems 

in CONSTANT AGITATION. WhY is this ? 

A. Because little 7mae% and particles 
of dust (thrown into agitation by the 
violence of the convective currents) are 
made visible by the strong beam of light 
thrown into the room through the cre- 
---e of the shutter. 



PRESSURE OF AIR. J8S9 

Q. Why is the oalleet of a church or the- 
atre HOTTER than the aisle or fit? 

A. Because the hot air ascends from 
the bottom to the top of the building ; 
while cold air flows to the bottom from 
the doors and windows. 

Q. Why do persons who ascend in balloons 
feel intense pain in their eyes and ears ? 

A. Because the air of the upper 
regions is more rarefied than that on the 
earth; and the air inside their bodies 
(seeking to become of the same rarity) 
oursts through their eyes and ears, pro- 
ducing intense pain. 

Q. Why is it often painful and difficult to 

BREATHE, on a MOUNTAIN-TOP ? 

A. Because the pressure of air on the 
mountain-top is not so great as it is on 
the plain ; and the air inside our bodies 
f seeking to become of the same rarity) 
bursts through the pores of the body and 
produces great pain. 

Q. Why do we fed opfrsssbd just previous 
to a storm ? 

A. Because the air is greatly rarefied 
by heat and vapor; and the air inside us 
(seeking to become of the same rarity) 
produces an oppressive and suffocating 
feeling. 
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Q. Why do DIVERS, when they a/re under 
Vfoter, mffer great fain in their eyes and ea/rs f 

A. Because the air at the bottom of 
the sea is more dense than the air on the 
surface J and (till the air inside the diverts 
body is settled into the same density) he 
feels oppressed with pain, especially in 
the ears. 

Q. Why %$ this pain feU especially about the 
EARS of a mvERl 

A. Because the ear is fitted with a 
small membrane called the drum{oriym'' 
panum), through which the dense air 
bursts : The rupture of this membrane 
very often produces incurable deafness. 

When the diver is not in a beU the dense water bursts 
into his ears and ruptures the tympanum. 

Q. Why do our corns ache just previous to 

RAIN? 

A. Because our feet swell from the 
sudden depression 'in the density of air; 
and the h^rd corn {not being elastic) is 
painfully stretched and pressed. 

Some of this pain is due to electricity. 

Q. How do you know that the density of the 
air is lowered, previous to a storm f 

A. Because the mercury of a barome- 
ter rapidly /a//s. 

Q. Why do CELLARS y^ WARM iu WINTER ? 

A. Because the external air has not 
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free access into them ; in consequence of 
which, they remain almost at an even 
tempei^ature — which (in winter time) is 
about 10 degrees warmer than the ex- 
ternal air. 

Q. Why do cej^laks fed cold in summek ? 

A. Because the external air has not 
free access into them ; in consequence 
of which, they remain almost at an even 
temperature — ^which (in summer time) is 
about 10 degrees coider than the exter- 
nal air. 

Q. Why does air rust iron ? 

A. Because the oxygen of the air 
combines with the surface of the metal, 
and produces oside of iron; which is 
generally called " rust." 

An oxide of iron, (x^per, &c., is oxygen in combinatidm 
with iron, copper, &c. 

Q. Why does hot iron scale and peel off, 
when struck with a hammer ? 

A. Because the oxygen of the air very 
readily unites. with the surface of the 
hot iron, and forms a metallic oxide (or 
rust), which scales off when struck with 
a hammer. 

Q. Does iron rust in dry air ? 

A. No; iron undergoes no change 
in dry air. 
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Q. Whp do STOVES and fire-irons become 
RUSTY in roomx, which are not occupied ? 

A. Because the air is damp; and 
moist air oxidizes iron and steel. 

Oxidizes, i. e., rusts. 
* Q. In whai part of the year is it most difficult 
io keep STOVES and fire-irons bright ? 

A. In autumn and winter. 

Q. Why is it more difficult to keep stoves and 
TIRE-IRONS bright in autumn and winter than in 
spring and summer ? 

A. Because the capacity of the air 
for holding" water is constantly on the 
decrease^ after the summer is over; in 
consequence of which, vapor is deposited 
on everything with which the air comes 
in contact. 

Q. Why does greasing iron prevent its be- 
coming RUSTY ? 

A. Because grease prevents the hu- 
midity of air from coming in contact 
with the surface of the iron. 

Q. Why do njot stoves rust so jre<iuently as 
FOKERS and tongs ? 

A. Because stoves are generally cov- 
ered with plumbago, or black lead. 
Q. What is plumbagOy or black lead ? 

A. A mixture of charcoal and iron. 

Plumbago (strictly speakinfi;) is a chemical union of 
ca/rbon and iron, in the following proportions : — 91 parts 
carbon and 9 iron. But the black lead sold in shops is a 
mixture of charcoal and iron filings. 
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K. B. A moet excellent yamish to preyent rust is 
made of 1 pint of fat oil yamish, mixed with 5 pints of 
highly rectified spirits of turpentine, rubbed on the iron 
or steel with a piece of sponge. This varnish may be ap- 
plied to bright stoves, and even mathematical instraments, 
without injuring their delicate polish. 

Q. Wh^f does ornamefUal steel (of a pwrpie 
cr LILAC color) rust more readily than polished 
WHITE Steel ? 

A. Because the lilac tinge is pro- 
duced by partial oxidation; and the 
process which forms rusts has, therefore, 
already commenced. 

Q. How can lilac steel he kept free from 

RUST? 

A. By keeping it in a very dry place. 
Q. ^ DRT AIR contains oxtoen, why does it 

NOT RUST IRON, aS WcU OS MOIST (Ut ? 

A. Because moisture is always need- 
ed, in order to bring into action the 
affinity of oxygen for steel. ' 

Q. Do any other metals (besides iron) com- 
bine rapidly with oxygen ? 

A. Yes ; copper, lead, mercury, and 
even silver to some extent. 

Q. Why does copper tarnish ? 

A. The tarnish of copper is caused 
by its oxidation : that is, the oxygen of 
the air combines with the surface of the 
copper, and (instead oirmting it) covers 
it with a dark tarnish. 

Q. Why does lead become of a darxsb Aue, 
by being exposed to the air 1 
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A. Because the vapor of th§ air com- 
bines with the lead, and oxidizes its sur- 
fojce ; but instead of becoming* rusty ^ the 
surface assumes a darker hue. 

Q. Why does lead lose its brightness, and 
become dull, by being exposed to the air f 

A. The duUness of the lead is caused 
by the presence of a carbonate of the 
oxide. When the oxide is formed, it 
a'ttracts carbonic oaM from the air, and 
(combining with it) produces a carhorvate^ 
which gives the dull tint to old lead. 
Q. Why is it difficult to keefp silver bright % 
A. Because the vapor of the air oxi- 
dizes its surface, and tarnishes it. 

Q. Why do silver tea-pots and spoons tar- 
nish more quickly than silver ore or bvUion ? 

A. Because alloy of some ba;s^r me- 
tal is used, to make them more hard and 
lasting; and this ailoy oxidizes more 
quickly than silver itself. 

Q. Why does German silver turn a dingy 
yellow in a few koi^rs ? 

A. Because (Jerman silver has a 
great affinity for oxygen ; and shows its 
oxidation by a sickly yellow tarnish^ in- 
stead of rust. 

Q. J^ quicksilver {or mercn/ry) wUlta/rnish like 
copper and lead — why does it preserve its brilliancy 
in barometers and thermometers ? 
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A. Because the air is excluded ; and 
no moisture can come in contact with it, 
to oxidize (or tanmh) it. 

Q. Is GOLD affected hy the atmosphere ? 

A. Not readily ; gold will never 
combine with oxygen of itself, (i. e., 
without aid.) 

Q. Which of the metals is capable of resisting 
oxidation aUogelher t 

A. Platinum; in consequence of 
which, the graduated arcs of delicate 
" instruments-for-observation " are made 
of platinum instead of any other metal. 

Q. Why;is platinum used for the graduated 
a/rcs of delicate mathematical instruments j instead cf 
any other metal ? 

A. Because it will never oxidize; 
but retains its bright surface in all wea- 
thers, free from both rust and tarnish 

Q. Before plat'inum was discovered, which cf 
the metals was employed for the same purpose ? 

A. Gold. 

Platinum (a white metal), so called from " plata/' 
the Spanish word for silver. It was introduced from 
South America into England by Mr. Wood, (A. D. 1749.) 

Q. For what other scikntipio purpose is plat'- 
inum now used ? 

A. For crucibles in which adds are 
employed : and for galvanic batteries. 

Q. Why are crucibles {in which adds wrt 
employed) ' mcuie of plat'inum 1 
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A. Because the acid would act upon 

other metals, or upon glass ; and prevent 
the experimenter's success. 

Q. Which of the metals have the greatest 
affinity for oxygen ? 

A. Those called potas'sium and so- 
dium. 

Potas'sinm and so'^dium derive their names from potash 
and soda. Potas'^sa is the oxide of potas'sium ; and soda 
is the oxide of so'dium. 

Q. How is the affinity of potassium and so- 
dium for oxygen shown ? 

A. They decompose water immediately 
they are brought into contact with it. 

Q. What EFFECT has pojas'sium on water ? 

A. It catches fire the moment it is 
thrown into, water, and burns with a 
vivid flame — which is still further in- 
creased by the combustion of hydrogen^ 
separated from the wateir. 

N. B. Water is composed of oxygen and hydrogen ; 
and potas^sium separates the two gases. 

Q. What effect has sodium on water 1 

A. It does not take^re, as potassium 

does; but undergoes very rapid oxida- 
tion. 

Q. Is the FURR of KETTLES an oxide ? 

A. No ; the iurr (or deposit of boil- 
ing water) is a precipitate of Urns and 
mineral salt, separated from the water 
by the process of boiling. 
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Q. Is not this FURR of boiling water oflen 

DANGEROUS ? 

A. Yes ; especially in tubular boilers^ 
such as those employed in railways. 

Q. Why is this furr especially troublesobie 
in RAILWAY engines ? 

A. Because it is a bad cortdactor of 
heat; in consequence of which, it hin- 
ders the evaporating effect of the fire, 
and prevents the economy of fuel. 

Q. Why is this furr especially dangerous 
in RAILWAY engines ? 

A. Because, when it is deposited in 
the boilers, they are likely to become 
over^heated ; and then explosion will take 
place, from the sudden generation of 
highly elastic steam. 

Q. Why cannot railway engines be fed with 

BRACKISH WATER? 

A. Because brackish water contains 
ndnerai salt ; which makes a much lar- 
ger deposit of furr than water which 
contains ordy vegetable matters. 
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CARBONIC ACID GAa 

CHAPTER XXI. 

Q. What is carbonic acid oas? 
A. A gas formed by the union of 
carbon and oxygen : It used to be called 

" FIXED AIR." 

8 lbs. of carbon and 8 lbs. of oxygen will form 11 lbs. of 
carbonic acid. 

Q. Under what circumstances does carbon 
most readily unite toith oxygen ? 

A. Ist — When its temperature is 
raised: Thus if carbon be red-hot, oxy- 
gen will most readily unite with it : 
and' 

2dly — When it forms part of the fluid 
blood. 
• Q. Why do oxygen and ca/rhon so readily 
unite in the blood ? 

A. Because the atoms of carbon are 
so loosely aitra^cted by the other materials 
of the blood, that they unite very readily 
with the oxygen of the air inhaled. 

Q. Is carbonic acid wholesome ? 

A. No; it is fatai to animal life; 
and (whenever it is inhaled) acts like a 
narcotic poison — producing drowsiness, 
which sometimes ends in death. 

Q. How can any one know, if a place be t9i- 
fested toith carbonic acid oas ? 
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A. If a pit or well contain carbonic 
acid, a candle (let down into it) will be 
instantly extinguished. The rule, there- 
fore, is this — Where a candle toiU bum, 
a man can live ; but what wUl extinguish 
a candle, will also destroy life, 

Q. Why does a miner lower a candle itUo 
a mine, hrfore he descends f 

A. Because the candle will be extin- 
guished, if the mine contains carbonic 
acid gas : but if the candle is not extin- 
guished, the mine is safe, and the man 
may fearlessly descend. 

Q. Why does a crowded room produce 

HEAD-ACHE ? 

A. Because we breathe air vitiated 
by the crowd. 

Q. Why is the air of a room titiated by a 

CROWD ? 

A. Because it is deprived of its due 
proportion of oxygen, and laden with 
carbonic add, 

Q. How is the air of a room affected thus by 
a crowd ? 

A. The elements of the air inhaled 
are sqxiraled in the lungs : — the oxygen 
is converted in the blood into carbonic 
acid; and the carbonic acid (together 
with the nitrogen) is thrown back again 
by the breath into the room. 
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Q. Is ALL the NITROGEN REJECTED hy the 

lungs ? 

A. Yes ; all the nitrogen of the air 
is always expired. 

Q. Why is a crowded room unwholesomb ? 

A. Because the oxygen of the air is 
absorbed by the lungs; and carbonic 
acid gas Twhich is a noxious poison) is 
substitutea for it. 

Q. Meniian the historical circumstances, so 
well known in connexion with the ''Black Hole 
of Calcutta." 

A. In the reign of George IL, the 
Ra)a (or Prince) of Bengal* marched 
suddenly to Calcutta, to drive the Eng- 
lish from the country ; as the attack was 
unexpected, the English were obliged 
to submit, and 146 persons were taken 
prisoners. 

Q. What became of these prisoners ? 

A. They were driven into a place 
about 18 feet square, and 15 or 16 feet 
in height, with only two small grated 
windows. 123 of the prisoners died in 
one night ; and (of the 23 who survived) 
the larger portion died of putrid fevers, 
after they were liberated. 

Q. Why were so many persons supFodATED in 

* The SuT Raja, at Dowlat ; a young man of violent pas- 
sions, who had but just succeeded to the throne. A. D. 1766. 
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a few hmiTs^from confirumeni in this close^ hoi peis- 

ON-HOLE ? 

A. Because the oxygen of the air was 
soon consumed by so many lungs, and 
its place supplied by carbonic acid^ ex- 
haled by the hot breath. 

Q. Why did the captives in the black hole 

die SLEEPING ? 

A. 1st — Because the absence of^oxy- 
gen quickly affects the vital functions, 
depresses the nervous energies, and pro- 
duces a lassitude which ends in death : 
and 

2dly — Carbonic add gas (being a 
narcotic poison) produces drowsiness and 
death, in those who inhale it. 

Q. Whif are the jungles of Java and Hin^ 
dostan so fatal to life ? 

A. Because vast quantities of car- 
bmic and are thrown off by decaying'^ 
vegetables in these jungles ; and (as the 
wind cannot penetrate the thick brushy 
Wood to blow the pernicious gas away)' 
it settles there, and destroys animal life. 

Q. Why do persons in a crowded church ftd 

DEOWST? 

A. 1st — Because the crowded con- 
gregation inhale a large portion of the 
oxygen of the air, which alone can sas- 
tain vitality and healthy action : and 
11 
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2dly — ^The air of the church is im* 
pregnated with carbonic acid g-as, which 
(being* a strong narcotic) produces drow- 
siness in those who inhale it. 

Q. Why do PERSONS who are much in the 
OPEN AIR enjoy the best health % 

A. Because the air they inhale is 
much more pure. 

Q. Why is country air more pure than the 
air in cities ? 

A. 1st — Because there are fewer 
inhabitants to vitiate the air : 

2diy — ^There are more trees to restore 
the equilibrium of the vitiated air : and 

3dly — The free circulation of air 
keeps it pure and wholesome : (In the 
same way as running streams are pure 
and wholesome, while stagnant waters 
are the contrary.) 

Q. Why does the scantiness of a country 
population render the country air more pure ? 

A. Because the fewer the inhabitants, 
the less carbonic acid will be exhaled; 
and thus country people inhale pure 
oxygen, instead of air impregnated with 
the narcotic poison, called carbonic acid 
gas. 

Q. Why do trees and flowers help to make 
cmmtry air wholesome ? 

A. 1st — ^Because trees and flowers 
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absorb the carbonic acid, generated by 
the lungs of animals, putrid substances, 
and other obnoxious exhalations : and 

2dly — Trees and flowers restore to 
the air the oocygen^ which has been in- 
haled by man and other animals. 

Q. Why is the air of cities less wholesome, 
than COUNTRY air ? 

A. 1st — Because there are more in- 
habitants to vitiate the air : 

2dly — The sewers, drains, bins, and 
JUth of a city, very greatly vitiate the 
air: 

3dly — The streets and alleys prevent 
a free circulation : and 

4thly — There are fewer trees to ab- 
sorb the excess of carbonic acid gas, 
and restore the equilibrium. 

Q. Wht/ are persons, who live in close ' 
ROOMS and crowded cities, generally sickly ? 

A. Because the air they breathe is 
not pure, but is (in the 1st place) defec- 
tive in oxygen; and (in the 2d) is im- 
pregnated with carbonic ajcid gas. 

Q. Where does the carbonic acid of dose 
ROOMS and cities come from? 

A. From the lungs of the inhabitants, 
the sewers, drains, and other like places, 
in which organic substances are under- 
going decomposition. 
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Q. What BECOMES of the carbonic acid of 
crowded cities ? 

A. Some of it is absorbed by vegeta- 
bles; and the rest is bhum away by the 
vnmlj and diffused through the whole 
volume of the air. 

Q. Does not this constarU diffusion of carbonic 
acid affect the purity of the whole air ? 

A. No ; because it is wafted by the 
wind from place to place, and absorbed 
in its passage by the vegetable world. 

Q. What is choke damp ? . 

A. Carbonic a^id gas accumulated at 
the bottom of wells and pits, which ren- 
ders them noxious, and often fatal to 
life. 

Q. Why is not this carbonic acid taken up by 
the air and diffused, as it is in cities ? 

A. Because (being heavier than com- 
man air) it cannot )ise from the loell or 
pit : and no wind can get to it, to blow 
it away. 

Q. Why are persons sometimes killed by 
leaning over beer vats ? 

A. Because vats (where beer has 
been made) contain a large quantity of 
carbonic oaM gas, produced by the . " vi- 
nous fermentation" of the beer; and 
when a man incautiously leans over a 
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beer vat^ and inhales the carbonic acid, 
he is immediately killed thereby. 

Q. Why are persons often killed, who enter 
BBER VATS to clean them? 

A. Because carbonic acid (being- hea- 
vier than atmospheric air) often rests upon 
the bottom of a vat : vrhen, therefore, a 
person enters the vat, and stoops to clean 
the bottom, he inhales the pernicious gas, 
which kills him. 

Q. JVhy are persons sometimes killed, by 
having a charcoal fire in their bedrooms ? 

A. Because the carbon of the burning 
charcoal unites with the oxygen of the air, 
and forms carbonic acid gas, which is a 
narcotic poison. 

Q. If carbonic a^ settles at the bottosi of a 
room, how can it injure a person lying upon a bed, 
raised considerably aJboce the floor ? 

A. Because all gases diffuse them- 
selves through each othef\ as a drop of 
ink would diffuse itself through a cup of 
water. If, therefore, a person slept for 
6 or 8 hours in a room containing carbonic 
acid, quite enough of the gas will be 
diffused throughout the room to produce 
death. 

The heat of the fire assists the process of difflision. 
Q. What are the chirf sources of carbonic 

ACID? 
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A. 1st — The breath of animals. 

2dly — The decomposition of vegetable 
and animal matter. 

3dly — Lime-stone, chalk, and all cal- 
careous stones, — in which it exists in a 
solid form. 

Q. From which of these sources is carbonio 
ACID most likely to accumulate to a noxious exterU ? 

A. From the fermentation and putre- 
faction of decaying vegetable and ani- 
mal matters. 

Q. How can this accubiulation of carbonic 

acid be PREVENTED 1 

A. By throwing quick-lime into pla- 
ces, where such fermentation and pu- 
trefaction are going on. 

Q. How will QUICK-LIME PREVENT the OCCW' 

mutation of carbonic acid ? 

A. Quick-lime will ahsorb the car- 
bonic acid ; and produce a combination 
called " carbonate of lime." 

Q. Does not heavy rain prevent the accumu- 
lation of carbonic acid, as well as quick-lime ? 

A. Yes ; an abundant supply of 
loater will prevent u^he accumulation of 
carbonic acid, by dissolving it. 

N. B. Red heat (as a pan of red-hot coalfl, or a piece 
of red-hot iron) will soon absorb the carbonic acid gas, 
accumulated in a pit or well. 

Q. What effect hds carbonic acid on the wa- 
ter in which it is dissolved ? 
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A.. It renders it slightly cLcid to the 
taste. 

Q. Can the capacity of water for dissolving 
carbonic acid be increased ? 

A. Yes. Carbonic acid may be^rced 
into water by pressure to a considerable 
extent. 

Q. To what practical uses has this capacity 
of water (/br dissolving carbonic acid) been applied? 

A. £!ffervescing draughts are made 
upon this principle. 

Q. Explain the cause of effervescence in 
these beverages ? 

A. The carbonic acid of the beverage 
(being prevented by the cork from es- 
caping) is forced into the liquor by pres- 
sure, and absorbed by it : but when the 
cork (or pressure) is removed, some of 
the carbonic acid flies off in bubbles or 
effervescence. 

Q. Why does aerated water tfervesce. when 
the CORK is removed ? 

A. While the bottle remains cork- 
ed^ carbonic acid is forced into the water 
by pressure, and absorbed by it : but, 
when the cork {or pressure) is removedj 
some of the carbonic acid flies off in 
effervescence. 

Q. Why does soda water effervesce ? 

A, In soda water there is forced 9 
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times its own bulk of carbonic acid gas, 
which makes its escape in effervescence^ 
as soon as the cork is removed, 

Q. Why does ginger pop fly about in frothy 
when the string of the ayrk is mt ? 

A. Because it contains carbonic acid 

gas. While the cork is fast, the carbonic 

acid is farced into the liquor ; but when 

the pressure is j^emoved the gas is given 

'off in effeiDescence, 

N. B. All ylnoas fermentation produces carbonic acid. 
Q. Why does bottled xle froth more than 
DRAUGHT ale ? 

A. Because the pressure is greater 
in a bottle than in a tub which is contin- 
ually tapped; and effervescence is al- 
ways increased by pressure. 

Q. What 'produces the froth of bottled 

PORTER ? 

A. Carbonic add generated by the 
tmofos fermentatimi of the porter : This 
gas is absorbed by the liquor^ so long as 
the bottle is well corked; but is given off 
in froth, when the pressure of the cork is 
removed. 

Q. What gives the pleasant acid taste to soda 
watery ginger beer, champagne, and cider ? 

A. The presence of carbonic a>cid, 
generated by fermentation ; and liberat- 
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ed by effervescence, when the pressure 
of the cork is removed 

Q. Why does fresh spring water sparkle, 
vfhewpawredfrom one vessel to another ? 

A. Because fresh spring* and pump 
water contain carbonic acid ; and it is 
the presence of this gas which makes 
the water sparkle. 

Much of the froth and bubbling of ale, beer, water, 
&c., when they are " poured high," is due to simple me- 
chanical action. 

Q. Wh(U is the fermentation of beer artd 

WINE 1 

A. The escape of carbonic acid, pro- 
duced by the change of sugar into hlco- 
hoL 

Q. WTiat is ALCOHOL T 

A. The sjnrit of beer and wine, 
obtained by fermentation. 

Q. Of what EL^vRNis is Ah conojj composed? 
A. Of carbon, oxygen, and hydrogen. 

Of Al'cohol, 4 parts are carbon, 2 oxygen, and 6 hydrogen. 

Q. What a/re the elements of grape sugar ? 

A. Carbon, oxygen, and hydrogen, 
all in equal proportions. 

Q. What CHANGES does sttoar undergo by 
fermentation ? 

A. It is first decomposed, and then 
its elements re-unite in different propor- 
tions, producing ai'coholy carbonic acid^ 
and water. 
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Of SUGAR, one portion is alcohol ; and another carhonio 
acid ; as may be seen by the following table. 

Carb. Ozjr. Byd. 

Every atom of anhydrous sugar contains 12 12 12 

Two atoms of alcohol contahi 8 4 12 

Four atoms of carbonic acid contain 4 8 



12 12 12 



N. B. " Anhydrous sugar" is sugar dried at 300**. 

Q. How does sugar ^brw al cohol by fermen- 
tation? 

A. Tioo4hirds of its carbon and one- 
third of its oxygen re-unite with the 
hydrogen, and generate alcohol. 

Q. How does sugar form carbonic actd by 
fermerUation ? 

A. The remaining ort£-third of its 
carbon and tivo4hirds of its oxygen re- 
unite, and generate carbonic acid. 

Q. What BECOMES of the al'cohol which ia 
tkus generated by fermentation ? 

A. It mixes with the loaterj and 
forms the intoxicating part of beer and 
wine. 

Q. What becomes of the carbonic acid, which 
is generated by fermerUation f 

A. It makes its escape into the air. 

Q. Why is barley malted ? 

A. Because germination is produced 
by the artificial heat; and in germina- 
tion, the 8ta:f^ch of tlie grain is converted 
into sugar. 
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Q. How is barley malted f 

A. It is moistened with watery and 
heaped up ; by which means, great heat 
is produced, which makes the barley 



(See *' BpontaneouB combnstion.") 

Q. Why is not the ba&let suffered to grow 
as well as sprout % 

A. Because plants in the germ con- 
tain more sugar than in any other state : 
as soon as the germ puis forth shoots y the 
sugar of the plant is consumed, to sup- 
port the shoot. 

Q. Haw is BARLET PREVENTED fiom SHOOT- 
ING in the process <^ halting? 

A. It is put into a kiln, as soon as it 
sprouts ; and the heat of the kiln checks 
or destroys the young shoot. 

Q. TF^M YEAST? 

A. The foam of beer Tor of some 
similar liquor) produced by jer mentation. 

Q. Why is teast used in brewing ? 

A. Because it consists of a substance 
called gluten, undergoing putrefaction ; 
in which state it possesses the peculiar 
property of exciting fermentation. 

If the gluten were not in a putrefying state, it could 
not produce fermentation. 

Q. What is gluten ? 

A. A tough, elastic substance, cam:- 
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posed of carbon, oxygen, hydrogen, and 
nitrogen. 

Q. Does HALT coTdain gluten ? 

A. Yes. The infusion of malt, called 

" sweet- wort" contains an abundance of 

glu'ten ; and the yeast (which converts 

its sfugar into al'cohol) converts this glu'- 

ten into yeast, 

Q. Why is TEA8T nee(^ in order to make 
malt into beer ? 

A. Because the presence of a putre- 
fying body containing nitrogen is essen- 
tial, in order to convert sugar into : al* 
cohol. 

Q. What EFFEOT has yeast upon the swebt* 

WORT? 

A. It causes the sugar to be con- 
verted into al'cohol and carbonic add; 
and its gluten into yeast. 

Q. What change is produced in gluten by pu- 

TRBF ACTION ? 

A. Its elements are loosened from 
their former conditions of combination^ 
and re-arranged (with the addition of 
oxygen from the air) into a new series. 

Q. What is the difference between fermen- 
tation and putrefaction ? 

A. Fermentation is a change ef- 
fected in the elements of a body com- 
posed of carbon, oxygen, and hydrogen, 
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without nitrogen. Putrefaction is a 
change effected in the elements of a 
body composed of carbon, oxyg-en, hy- 
drogen, and nitrogen. 

Q. What NEW COMPOUNDS are produced by 
the change called fermentation ? 

A. Alcohol and carbomc add, — The 
alcohol is still further changed (unless 
the process be checked) into ctcetic acid 
or mnegar. 

Q. What new compounds are produced by the 
charhge called putrefaction ? 

A. The carbon, oxygen, hydrogen, 
and nitrogen, of the original substance 
(being separated by decomposition) re- 
unite in the following manner. 1. Carbon 
and oxygen unite to form carbonic acid. 
2. Oxygen and hydrogen unite to form 
water. 3. Hydrogen and nitrogen unite 
to form amfnonia. 

Hartshorn is a solution of ammonia in water. 
N. B. When bodies containing sulphur and phosphorus 
putrefy, the siUpkur and phosplwms unit© with hydrogen^ 
and form sulphuretted and phosphuretted hydrogen gases. 

Q. What becomes of these several products of 
ptUrefaction ? 

A. They are all elastic bodies, and 
escape into the air. 

N. B. Water is elastic and gaseous when in the condi- 
tion- of t?a;wr. 

Q. What is the cause of the offensive smeij. 
Vihich issues from putrrfying bodies f 
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A. The evolution of ammonia^ or of 
mlphureUed and plmsphuretted hydrogen 
gases ; all of which have pungent and 
offensive odors. 

Q. WTiy do boiled eggs discolor a silver 

SPOON ? 

A. Because they contain a small 
portion of sulphur^ which unites with the 
silve?' (for which it has a great affinity^ 
and tarnishes it. 

Both the white and yolk contain sulphur — the latter 
more abundantly. 

Q. What causes the offensive smeU of stale 
hard boiled eggs ? 

A. The hydrogen of the egg combin- 
ing with the sulphur and phosphorus^ 
form sulphuretted and phosphuretted hy- 
drogen; both of which gases have an 
oJSensive odor. 

Of an egg 65 parts are carbon, 16 nitrogen, 7 hydrogen, 
and the remaining 22 are oxygen, phosphorus, and sul- 
phur. 

Q. Why is it not needful to piU yeast inio 
GRAPE juice, in order to produce fermentation ? 

A. Because grape, juice contains a 
sufficient quantity of a nitrogenized 
substance (like yeast) to produce fermen- 
tation. 

Nitrogenized, i. e., containing nitrogen. 

Q. Why do not oeapes ferment, while they 
hamg on the vine ? 
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A. Because the toater of the juice 

evaporates through the skin, and allows 
the grapes to shrivel and dry up, after 
they are ripe. 

Fermentation cannot occur unless the sugar be dissolved 
in a sufficient quantity of water. 

Q. What is the proth or scum cf fermented 

LIQUORS ? 

A. Putrefying glutinous substances 
(of a nature similar to yeast), which rise 
to the surface from their lightness. 

Q. Why is BEER PLAT if the ca.sk be left open 
too long? 

A. Because too much of the carbonic 
acid gas (produced by fermentation) is 
suffered to escape. 

Q. Why are beer and porter made stale by 
being exposed to the air ? 

A. Because too much of the carbonic 

add gas (produced by fermentation) is 

suffered to escape. 

Q. Why does beer turn plat if the vent peg 
bel^outofthetub? 

A. Because the carbonic and gas es- 
capes through the vent hole. 

Q. Why will not beer run out of the tub till 
the vent peg is taken owl ? 

A. Because the upward pressure of 
the external air (admitted through the 
tap) holds the liquor back — not being 
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counterbalanced by any pressure of air 
on the surface of the liquid. 

The upward pressure of air is iHastrated by the follow- 
ing simple experiment: — ^Fill a wine g^bias with water; 
cover the top of the glass with a piece of writing paper 
tarn the gk»s npside down, and tiie water will. not nm 
ont. The paper is used merely to give the air a medinm 
sufficiently dense to act against 

Q. Why does the beer run freely, imme- 
diately the VENT PBo i$ tcbken out ? 

A. Because air rushes immediately 
through tlie vent hole at the top of the tub, 
to counterbalance the air admitted by 
the tap; in consequence of which the 
liquid escapes by its own downward 
pressure. 

Q. Why does liquor flow reluctantly out of a 
BOTTLE held upside doum ? 

A. Because the upward pressure of 
the air prevents the liquor from flowing* 
out 

Q. Why should a bottle be held obliquely in 
order to be emptied of its liquor ? 

A. Because air will then flow into 
the bottle, and help the liquor out, by 
counterbalancing the upward pressure, 

Q. Why does wine {poured from a bottle 
quickly) spirt aboiU, without going into the 
decanter? 

A. Because it fills the top of the de- 
canter (like a cork)^ and leaves no room 
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for the air inside to escape ; the decanter, 
therefore, (being full of air) refuses to 
admit the idne. 

Q. Why does the effervescence (if soda waUr 
and ginger beer so soon go off? 

A. Because the carbonic add^ (which 
produced the effervescence) very rapidly 
escapes into the air. 

Q. Why is boiled water flat atid insipid f 
A. Because the whole of the carbonic 
add is expelled by boiling, and escapes 
into the air. 

Q. Why does teast make bread light 1 
A. Because it produces a species of 
fermentation on the starch and glu'ten 
of flour, as it does in the sugar of malt. 

Q. How does fermentation make the dough 
rise? 

A. During fermentation, carbonic acid 
gas is evolved; but the sticky texture of 
the dough will not allow it to escape; 
so it ^ces up little bladders all over the 
dough. 

Q. Why is dough placed before the fire ? 

A. 1st — Because the heat of the fire 
inareases the fermentation; and 

2dly — It expands the gas, confined in 
the little bladders; in consequence of 
which, the bladders are enlarged^ and 
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the dough becomes lighter and more po- 
rous. 

'Q. Why is bread heavy, if the daugk be re- 
moved from the fire f 

A. Because the dough gets coldj and 
then the air in the bladders condenses — 
the paste falls — and the bread becomes 
close and heavy. 

Q. What causes the heat of fire ? 

A. The carbon of fuel (when heated) 
combines with the oxygen of the air, and 
produces carbonic acid gas : Again, the 
hydrogen of the fuel combining with 
other portions of oxygen, condenses into 
water ; by which chemical actions heal 
is evolved. 

Q. What causes the heat of our own body ? 

A. The carbon of our blood combines 
with the oxygen of the air inhaled^ and 
produces carbonic a^cid gas ; which 
evolves heat in a way similar to burn- 
ing fuel. 

Q. Whence does the heat of a dttnghili. 
arise? 

A. As the straw, &c., of the dunghill 
decays, it undergoes /ermen^ofion, which 
produces carbonic a>cid gas ; and heat is 
evolved by a species of combustion, (as 
in the two former cases.) 
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Q. How does the formation of carbonic acid 
(i/i cM these cases) jtroduce heat ? 

A. Carbonic add has less power of 
holding latent heat than carbon and oxy- 
gen have : When, therefore, these ele- 
ments are changed into carbonic acid, 
latent heat is given off, and made sensible. 

Q. Why do persons throuo lime itUo bins and 
SEWERS, to PREVENT thevT offensive SMELL, in swm- , 
mer time? 

A. Because they contain large quan- 
tities of carbonic acid gas, which readily 
amUnnes with lime ; and producing " car- 
bonate of lime" neutralizes the offensive 
gases. 

Q. Whif should WATER {used for washing) be 
exposed to the air ? 

A. Because it is made more soft by 
exposure to the air. 

Most spring water holds lime in solution as a bicarhon- ' 
ate, in consequence of the presence of abundant carbonic 
acid. Carbonic acid escapes by exposure to air — and the 
lime is, consequently, deposited as a carbonate. 

Q. Why is hard water made more soft by 
expomre to air f 

A. 1st — Because the mineral salts 
(which cause its hardness) subside : and 

2dly — Because the carbonic acid of 
the water makes its escape into the air. 

Q. How is the carbonic acid of water pro- 
duced? 
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A. From the presence of limey which 
is frequently held in solution by hard 
water : When the carbonic acid escapes 
by exposure to the air, the lime is depos- 
ited as a carbonate. 

Q. Why is hard water mare agreeable to 
DRINK than soft water ? 

A. Chiefly because it contains car- 
bonic acid. 

Q. Why is water fresh from the pump more 
SPARKLING, than after it has been drawn some time T 

A. Because water fresh from the 
pump contains carbonic acid, which sooa 
escapes into the air, and leaves the wa- 
ter flat and stale. 

Q. Why is quick-lime formed by Ifwrmng 
chalk and marl in a kiln ? 

A. Because the carbomc acid (which 
rendered it mild) is driven off* by the 
heat of the kiln : and the lime becomes 
quick or caustic. 

Q. What is mortar ? 

A. Quick-lime mixed with sand and 
water. 

Q. Wherein does limb-stone d^er in 'appear- 
ance from quick-lime ? 

A. Lime-stone is a hard, rocky sub- 
stance ; but auicK-LiME a loose powder. 

Q. Why does mortar become hard after a few 
days ? 
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A. Because the lime re-imhihes from 
the air the carbonic acid which had 
been expelled by fire ; and the loose pow- 
der again becomes as hard as the origi- 
nal lime-stone. 

Q. Explain in what way mortar is adhesive. 

A. When the carbonic aci4 is expel- 
led, the hard lime-stone is converted into 
a loose powder^ which (being mixed with 
sand and water) becomes a soft and 
sticky plaster ; but as soon as it is placed 
between bricks, it imbibes carbonic acid 
again, and hardens into lime-sUme. 
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CHAPTER XXII. 

Q. What i$ CHOKE-DAMP ? 

A. Carbonic acid gas accumulated 
at the bottom of wells and pits. It is 
called CHOKE damp, because it c}u>hes (or 
suffocates) every animal that attempts to 
inhale it. {.See p. 238.) 

It suflfocates without getting into the hmgSy by dosing 
the outer orifice spasmodically. 

Q. JVhat is marsh-gas or fire-damp ? 

A. Carburetted hydrogen gas accu- 
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mulated on marshes, in stagnant waters, 
and coal-pits ; it is frequently called 
" inflammable air." 

Q. What is carburetted hydrogen gas? 

A. Carbon combined with hydrogen. 

Q. How may carburetted hydrogen gas 
be procured an ma/rshes ? 

A. By Stirring the mud at the bottom 
of any stagnant pool, and collecting the 
gas (as it escapes upwards) in an in- 
verted glass vessel. 

Q. WhU is COAL GAS ? 

A. Carburetted hydrogen extracted 
from coals by the heat oifire, 

Q. Why is carburetted hydrogen gas called 
fire-damp or inflammabU air ? 

A. Because it very readily catches 
fire and explodes, when a light is intro- 
duced to it. 

Provided atmospheric air be present. 
Q. Why is carburetted hydrogen gas frequent' 
ly called marsh-gas ? 

A. Because it is generated in mea- 
dows and marshes from putrefying vege- 
table substances. 

See ignis fatuns, p. 266. 
Q. WhxU gas is evolved by the wick af a 
burning candle ? 

A. Carburetted hydrogen gas: The 
carbon and hydrogen of the tallow com- 
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flame ; and this gas is called carburetted 
hydrogen or inflammable air. 

Q. Why do COAL-MINES 80 frequency ex- 
plode? 

A. Because the carburetted hydrogen 
gas (which is generated in these mines 
by the coals) explodes, when a light is 
incautiously introduced. 

Q. How can miriers see in the coal-pits if 
they may never irUroduce a light ? 

A. Sir Humphrey Davy invented a 
lantern for the use of miners, called " the 
Safety Lamp," which may be used with- 
out danger. 

Q. Who was ^iK HuMPHRET Davy? 

A. A very clever chemist, born in 
Cornwall, 1778, and died in 1829. 

Q. What hind cf thing is the safett-lamp? 

A. A kind of lantern, covered with a 
fine gauze mrCj instead of glass or horn. 

Q. How does this fine gauze wire prevent an 
explosion in the coal-mine ? 

A. By preventing the flame of the 
lamp from communicating with the in- 
flammable gas of the mine. 

N. B. The Interstices of the gauze wire must not ex- 
ceed the 7th of an inch in diameter. 

Q. Why vnU not flame pass through very 
fine mre qavze7 
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A. Because the metal wire is a very 
rapid conductor of heat ; and when the 
flame (of gas burning in the lamp) reach- 
es the wire gauze, so much heat is con- 
ducted away by the wirCy that the flame is 
extinguished. 

Q. Does the gas of the coal-pit get through 
the wire gauze into the lantern % 

A. Yes ; and the inflammable gas 
ignites, and burns inmk the lamp : xis 
soon as this is the case, the miner is in 
danger, and should withdraw. 

Q. Why is the miner in danger ifihe gas ig- 
nites and bwrns in the inside of the safety lamp f 

A. Because the heat of the burning 
gas will soon destroy the mregauze ; and 
fiien the flame (being free) will set fire 
to the mine. 

N. B. When the carburetted hydrogen gas takes fire 
A*qm the miner's candle, the miner sometimes perishes ia 
the blast of the flame, and sometimes suffers steffbcaMon A*om 
the carbonic acid which is thus produced. 
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PHOSPHtTRETTED HYDROGEN 
GAS. 

CHAPTER XXIII. 

Q. From what do the very offensive efflu- 
via of CHURCH- YARDS uHse f 

A. From a gas called phosphuret- 
TED HYDROGEN ; which is pJwsplwrus 
combiued with hydrogen gas. 

Q. Uliat is PHOSPHORUS ? 

A. A pale amber-colored substance, 
resembling wax in appearance. The 
word is derived from two Greek words, 
which mean " to produce or carry light/* 

Q. How is PHOSPHORUS OBTAINED ? 

A. By heating bones to a white 
heat ; by which means, the animal mat- 
ter and charcoal are consumed^ and a 
substance called ^^ phosphate of lime^^ is. 
left behind. 

Q. What is the phosphate op lime ? 

A. Phosphorus united to oxygen and 
lime ; when sulphuric acid is added, and 
the mixture heated, the lime is attracted, 
to the acid, and pure phosphorus remains. 

If powdered charcoal be added, phosphorus may b« 
procured by distillation. 

Q. Cf what is the ignitible part of lucifer. 
MATCHES made f 

12 
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A. Of phosphorus : aod above 250 
thousand lbs. are used every year io 
London alone, merely for the manufac- 
ture of lucifer matches. 

Q. Why does a putrefying dead body 
SMELL so offensively ? 

A. Because phmphuretted hydrogen 
gas always rises from putrefying animal 
substances. 

The escape of ammonia and sulphuretted hydrogen con- 
tributes also to this offensiye effluvia. 

Q. WhcU is the cause of the ignis fatuus. 
Jack dLajUem^ or Will oHhe Wisp? 

A. This luminous appearance (which 
haunts meadows, bogs, and marshes) 
arises from the gas of putrefying animal 
and vegetable substances ; especially from 
decaying fish. 

Q. What gases arise from these putrefying 
substances ? 

A. Phosphuretted hydrogen from pu- 
trefying animal substances : and 

Carburetted hydrogen y from decaying 
vegetable matters. (See p. 262.) 

Q. How is the gas of the ignis faiwtis ignited 
on bogs and meadows ? 

A. Impure phosphuretted hydrogen 
h\xv^\& spontaneously into flame, whenever 
it mixes with air or pure oxygen gas. 

Pv/re phosphuretted hydrogen will not ignite spontane- 
ously—this spontaneous ignition is due to the presence of 
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a small quantity of the vapor of an exceedingly volatile li- 
quid-compound of phosphorus with hydrogen, which is 
occasionally produced with the gas itself. 

If phosphorus be boiled with milk of lime, and the beak 
of the retort be placed under water, bubbles of phosphuret- 
ted hydrogen will rise successively through the water, and 
(on reaching the surface) burst into flamed 

Q. Why does an ignis fatuiis or Will oHhe 
Wisp "PLY from us when we run to meet it ? 

A. Because we produce a current of 
air in front of ourselves, (when we run 
towards the ignis fatuus) which drives the 
light gas forwards, 

Q. Why does an ignis fatuus run aft^r us 
when we TLEiifrom it in a fright ? 

A. Because we produce a current of 
air in the way we run, which attracts the 
light gas in the same course ; drawing it 
after us as we run away from it. 

Q. Is 7wt a kind of Jack d Lantern sometimes 
produced by an insect ? 

A. Yes ; swarms of luminous insects 

sometimes pass over a meadow, and 

produce an appearance similar to the 

Ignis fatuus. 

Q. May not many ghost stories have arisen 
from some ignis fatuus lurking abovi church-yards f 

A. Perhaps all the ghost stories 
(which deserve any credit at all) have 
arisen from the ignited gas of church- 
yards, lurking about the tombs ; to which 
fear has added its own creations. 
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CHAPTER XXIV. 

Q. Whai is wind ? 

A. Wind is air in motion. 

Q. What PUTS the air in motion^ so as to pro- 
duce WIND? 

A. The principal causes are the 
variations of heat and cold^ produced by 
the succession of day and night, and of 
the four seasons. 

Q. What effect has heat iipon the air ? 

A. Heat rarejks the air and causes it 
to expand. 

Q. How do you know thai heat causes the air 

to EXPAND ? 

A. Thus, if a bladder half fall of air 
(tied tight round the neck) be laid before 
a^re, the air will expand by the heat, 
and^/ the bladder. 

Q. What EFFECT is produced wpon air by 

RAEEFACTION ? 

A. It is made Kghter and ascends 
through colder strata ; as a cork (put at 
the bottom of a basin of water) rises to 
the surface. 

Q. Prove that rar^ied air ascends. 

A. When a boy sets fire to the cotton 
or sponge of his balloon, the flame heats 
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the air ; which becomes so light, that it 
ascends, and carries the baUoon voith it 

Q. What effect is 'produced wpon air by cold ? 

A. It is condensed^ or squeezed into 
a smaller compass : in consequence of 
which, it becomes Iieavier, and descends 
towards the ground 

Q. Prove that air is condensed by cold. 

A. Lay a bladder half full of air 
before a fire, till it has become fully 
inflated ; if it be now removed from the 
fire, the bladder will collapse again, be- 
cause the air condenses into its former 
bulk. 

Q. What is meant by the bladder ^ collaps- 
ing?" 

A. The skin becoming tvrinkledy 
shrivelled^ and flabby ; because there is 
not sufiicient air inside XoflU it. 

Q. How do you, know that condensed air 
will descend ? 

A. Because a fire balloon /a/& to the 
earth, so soon as the spirit in the cotton 
is burnt out, and the air of the balloon 
has become cold again, 

Q. Does the sun heat« tie air as it does the 

EARTH? 

A. No ; the air is not heated by the 
rays of the sun; because air (like water) 
18 a very bad mvductor. 
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Q. How is the air heated ? 

A. By convection, thus : — ^The sun 
heats the earth, and the earth heats the 
air resting upon it ; the air thus heated 
rises, and is succeeded by other air, which 
is heated in a similar way ; till the whole 
volume is icarmed by " convective cur- 
rents." 

Q. What is meant by "convective currents" 
of hot air? 

A. Streams of air heated by the 
earth, which rise upwards, and carry 
heat with them. {See p. 226.) 

Q. Is the air in a room in perpetual motion as 
the air abroad is ? 

A. Yes ; there are always two cur- 
rents of air in the room we occupy; one 
of hot air flowing* out of the room, and 
another of cold air flowing into the rooai. 

Q. How do y&u, know thai there are these two 
cwrents of air in every occupied room ? 

A. If I hold a lighted candle near 
the crevice at the top of the door, the 
flame will be blown outtvard (towards 
the hall) ; but if I hold the candle at the 
bottom of the door, the flame will be 
blown inwards (into the room). 

N. B. This is not the case if a. fire be in the room. When 
a fire is lighted, an inward current is drawn through all 
the crevices. 

Q. Why tootdd'the flame be blown, ourwAaDS 
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{towards the hall), tfa candle be held at the top cf 
the door ? 

A. Because the air of the room being 
heated, &c., ascends ; and (floating^ about 
the upper part of the room) some of it 
escapes through the crevice at the top of 
t/ie door, producing a current of air out- 
icards (into the liaU), 

Q. Why would the flame be bhnm inwa&ds 
{into the room), if the candle be held at the bottom 
of the door ? 

A. Because a partial vacuum is made 
at the bottom of the room, as soon as the 
warm air of the room has ascended to 
the ceiling, or made its escape from the 
room : and cold air from the hall rushes 
under the door, to supply the void. 

Q. What is meant by a ^partial vacuum de- 
ing made at the bottom of the room ?" 

A. A vacuum means a place from 
which the air has been taken: and a 
" partial vacuum " means a place from 
which a part of the air has been taken 
away. Thus, when the air on the floor 
ascends to the ceiling, a partial vacuum 
is made on the^oor. 

Q. And how is the VACVWiJUled up again T 

A. It is filled up by colder air, which 
rushes (under the door, and through the 
window crevices) into the room. 
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Q. Grive me an illustration. 

A. If I dip a pail into a pond and 
fill it with water, a hole (or vacuum) is 
made in the pond as big as the pail ; but 
the moment I draw the pail (mty the hole 
injilled up by the water around. 

Q. Show how this iUustration applies. 

A. The heated air, which ascends 
from the bottom of a room, is as much 
taken away as the water in the pail; 
and Tas the void was instantly supplied 
by ot/wr water in the pond) so the void of 
air is supplied by the air around. 

Q. What is the cause of wind ? 

A. The sun heats the earthy and the 
earth heats the air resting upon it ; as 
the warm air ascends, the void is filled 
up by a rush of cold air to the place ; and 
this rush of air we call wind. ^ 

Q. Does the wind always blaw ? 

A. Yes ; there is always some motion 
in the air ; but the violence of the motion 
is perpetually varying. 

<). Does the rotation of the earth wpon its axis 
'uffect the motion of the air 1 

A. Yes, in two ways. 1st — As the 
earth moves round its axis, the thin 
moveable air is left somewhat behind; 
and, therefore, seems (to a stationary 
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object) to be blowing in the opposite di- 
- rection to the earth's motion : and 

2dly — As the earth revolves, different 
portions of its surface are continually 
passing under the vertical rays of the 
sun. 

Q. When are the rays of the sun called " ver- 

Tn7AL RAYS?" 

A. When the sun is in a direct line 
above any place, his rays are said to be 
^* vertical " to that place. 

Q. Illustrate the manner in which the earth^s 
surface passes under the vertical sun. 

A. Suppose the brass meridian of a 
globe to represent the vertical rays of 
the sun ; as you turn the globe round, 
different parts of it will pass under the 
brass rim, in constant succession, 

Q. Why is it noon-day to the fkux over which 

the SUN is VERTICAL ? 

A. Because the sun is half -way be- 
tween rising and setting to that place. 

Q. Show how this rotation of the earth affects 
the AIR. 

A. If we suppose the brass meridian 
to be the vertical sun, the whole column 
of air beneath will be heated by the noon- 
day rays ; that part which the sun lias 
leftf will become gradually cdde7* and 
colder; and that part to which the sud 

12» 
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is approaching^ will grow constantly 
warmer and warmer. 

Q. Then there are three qualities (if air about 
this spot ? 

A. Yes ; the air over the place, which 
has passed the meridian, is cooling ; the 
air under the vertical sun is the hottest; 
and the air, which is over the place about 
to pass under the meridian, is increasing 
in heat. 

See fig. on next page. The column A (which the snn 
has passed) is cooling — B is under the vertical sun ; and 
C is increasing in heat. 

Q. How does this variety in the heat of air 
produce wind? 

A. The air always seeks to preserve 
an equilibrium ; so cold air rushes into 
the void made by the upward current of 
the warm air, 

Q. Why does not the wind always blow 
ONE way, following the direction of the sun ? 

A. Because the direction of the wind 
is subject to perpetual interruptions from 
hills^ and vaUeys, deserts, seas^ &c. 

Q. How can hills and mountains alter the 
course of the wind ? 

A. Suppose a wind (blowing* from 
the north) comes to a mountain ; as it 
cannot pass through it, it must either 
rush back again^ otfyoffat one side, (as 
a moKble, when it strikeet against a toall.) 
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Q. Do MOUNTAINS affecl the wind in any other 
way? 

A. Yes ; many mountains are capped 
wUh snmOj and the warm air is condensed^ 
when it comes in contact with them ; but 
so soon as the temperature of the loind is 
changed, its direction may be changed 
also. (See Fig.) 

THE SUN. 




Suppose ABC to be three columns of air. A, the col- 
umn of air which is cooling down ; B, the column to which 
the sun is vertical; and C the column which is to be heated 
next. In this case the cold air of A will rush towards B C ; 
because the air of B and C is AoUer thui A. But suppose 
now C to be a siMW-capped mountain : As the hot air of B 
reaches C, it is chilled; and (being now colder than the air 
behind) it rushes back again towards A, instead of follow- 
ing the sun. 

Q. How can the ocean affect the direction (f 
the WIND ? 

A. When the ocean rolls beneath the 
vertical sun, the water is not made so hot 
as the land; in consequence of which, 
the general direction of the wind is di- 
rected from tracts o( ocean towards tracts 
ofland. 

Q. Why is not the watee of the sea made so 
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HOT, by the veriical mn, as the sufface ef the 

LAND ? 

A. 1st*— Because the evaporation of 
the sea is«^reater than that of the land : 

2dly — ^The constant motUm of the 
water prevents the increase of tempera- 
ture at the surface : and 

3dly — The rays of the sun strike into 
the water ; in consequence of which the 
immediate surface is much less affected. 

Q. Why does the evaporation cf the sea pre- 
vent its surface from being heated by the vertical 
sun? 

A. Because its heat is absorbed in the 
generation of vapor and carried off into 
tlie air. 

Q. WTiy does the motion of the sea prevent iU 
surface from being heated by the vertical sun ? 

A. Because each portion rolls aioay, 
as soon as it becomes heated, and is 
succeeded by another ; and this constant 
motion prevents the surface of the sea 
from being more heated than the water 
hebw the surface. 

Q. Do CLOUDS affect the wind ? 

A. Yes. As passing clouds screen 
the direct heat of tlie sun from the earth, 
they diminish the rarefaction of the air 
aUo; and this is another cause why nei- 
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ther the strength nor direction of the 
wind is uniform. 

Q. Would the toind blow regularly from east 
to westj if these obstructions toere removed ? 

A. Without doubt. If the whole 
earth were covered with water the winds 
would always follow the sun, and blow 
uniformly in one direction. 

Q. Do winds ever blow regularly ? 

A. Yes : in those parts of the world, 
which present a largpe surface of water, 
as in the Atlantic and Pacific Oceans. 

Q. What are the wirids^ which blow over the 
Atlantic aitd Pacific Oceani, caUed ? 

A. They are called " Trade Winds." 

Q. Why are they called " trade winds." 

A. Because they are very convenient 
to niercliants, who have to cross the 
ocean, inasmuch as they always blow 
in one direction. 

Q. Jn what direction do the trade winds 



A, That in the northern hemisphere 
blows from the northreast; that in the 
stmtiie^Ti hemisphere from the souihreast. 

Q: Why do they not blow from the full 
north aTid south ? 

A. Because currents of air flowing 
from the poles^ give them an easterly di- 
recdon. 
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This effect is due in some measure to the rotation of the 
earth on its axis. 

Q. What is the cause of these currents cf air 
from the poles to the equator. ? 

A. The air about the equator con- 
stantly ascends, in consequence of being 
rarefied by the heat of the sun : as the 
hot equatorial air ascends, cold air from 
the north and south flows towards the 
equator, to restore the equilibrium. 

Q. Is there an upper as well as a lower 
CURRENT in the atmosphere f 

A. Yes ; the upper current of rare- 
fied air is front, the equator to the poles ; 
where it is condensed — and then returns 
again to the equator^ forming the loioer 
current. 

Q. These lower currents (from the poles to 
the equator) have an easterly tendency. Explain 
the cause of this, 

A. All the atmosphere revolves unth 
the earth ; but when a current of air from 
the poles flows towards the equator, it 
comes to a part of the earth's surface 
which is nioving faster than itself; in 
consequence of which it is left behindj 
and thus produces the effect of a current 
moving in the opposite direction. 

Thus, to a person in a carriage, the hedges and trees 
seem to be running in an opposite direction. 
As the circumference of the earth at the equator iB 
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hmmA larger than the circumference of the earth at the 
poles, therefore every spot of the earth's ^^u/z^maZ sur&oe 
must move muck faster than the corresponding one at the 
poles. 

N. B. As the earth revolves on its axis from west to 
east, therefore the air which is carried with it will seem 
to blow/r^wt the west : As, however, the current of air from 
the poles seems to blow in the oppobite direction, it will 
seem to blow from the east (or to be an easterly wind). 

Q. By what means are the north-east ajuL 
south-east trade winds produced ? 

A. By a combination of the two mo- 
tions of the polar currents: which pro- 
duces the intermediate directions of the 
north-east and south-east. 

Q. Are both these motions cfthepdar currents 

REAL? 

A. No. The motion from the east 
to west is only apparent. As the earth 
revolves from v>est to east, the air carried 
with it will be a mest wind ; but the polar 
currents seem to blow in the opposite 
direction, merely because they have not 
acquired the same velocity. 

Q. Do trade winds blow from the north-east 
and south-east all the teak round ? 

A. Yes, in the open sea ; that is, in 
the Atlantic and Pacific Oceans, for about 
30° each side of the equator. 

Q. What do the north-easterly and south-east- 
erly trade winds produce when they meet near the 
equator? 

A. A region of cairns, in which thick 



286 vrmny, 

foggy air prevails, with sudden showers 
and thupder-storms. 

Q. Is this region of calms fixed in its position f 
A. No ; it shifts its place according 
to the sun's distance, and position in 
regard to the eqaaior : being sometimes 
entirely to the Tiorth of the equator, and 
occasionally reaching as far as 2° souih 
of it. 

Q. Do the TRADE WINDS blow uniformity from 
north-east and south-east in the Indian Ocean ? 

A. No ; nor yet in those parts of the 
Atlantic and Pacific which verge on the 
continents. 

Q. How do the trade winds in the Indian 
Ocean blow ? 

A. From April to October a south- 
west wind prevails ; but from October to 
April, a north-east. 

Q. What a/re these periodical, currents of air 
{which affect the neighborhood of the Arabian^ h^ 
dian, and Chinese Seas) called ? 

A. They are called monsoons. 

Q. How far do the limits of the ifONsooNS eZ" 
tend? 

A. They extend from the African 
shore to the longitude of New Guinea ; 
and are felt northward as far as the 
parallel of latitude, which crosses the 
Loochoo Isles. 
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The Loochoo Isles are about 24° north latitude, and 
130** east longitude. 

Q. Why do rmi the trade loinds in the Indian 
Ocean blow south-west from April to October? 

A. Because the air of Arabia, Persia, 

India, and China, is so rarefied by the 

enormous heat of their sunnrner siin, 

that the cold air from the south rushes 

towards these nations, across the eqmtor^ 

(during these six montliSj) and produces 

a SOUTH-WEST wind. 

Q. To what distaTice do^ this 8outH'WE8T 
wijid prevail f 

A. From 3° south of the equator, to 
the shores of the Arabian, Indian, and 
Chinese Seas. 

Q. Why do the trade winds (in the Indian 
Ocean) blow north-east from October to April? 

A. Because the saathem part of the 
torrid zone is most heated, when the sun 
has left the northern side of the equator 
for the southern : and the cold air from 
the north (rushing towards the southern 
tropic) is diverted into the direction of 
NORTH-EAST, whcre it continues for the 
other six months of the year. 

Q. Are the monsoons as powerful as the 
trade winds ? 

A. They are far tmre so, and very 
often amount to violent gales. 
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Q. W%y are the monsoons more useful to ike 
vumner than the fixed trade winds ? 

A. Because the mariner is able to 
avail himself of these periodic changes, 
to go in on6 direction during one half of 
the year, and to return in the opposite di- 
rection during the other half. 

Q. ILm i$ the change cfthe monsoons marked ? 

A. By an interval of alternating calms 
and storms. 

Q. When are the winds at the North general- 
ly the HIGHEST ? 

A. The winds in December and Jan- 
uary are generally the highest. Those 
in February and November the next; 
and those in August and September are 
the least boisterous. 

Q. Why are the winds at the North generally 
HIGHEST in December and January ? 

A. Because the sun is furthest south 
in those months; and (as the heat in 
these northern regions rapidly decreases) 
the contrast between our temperature 
and that of the torrid zone is greater in 
December and January, than in any 
other two months throughout the year. 

Q. Why does this contrast rf heat increase 
the violence of the wind ? 

A. Because the air alWays seeks to 
preserve an equilibrium; therefore the 
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greater the contra!st, the more violent 
will be the rush of air to equalize the 
two volumes. 

Q. Whjf are the winds at the North generally 
most PLACID during the morUhs of September an^ * 
August ? 

A. Because August and September 
are the warmest months^ when we ap- 
proach nearest to the heat ©f the torrid 
zone ; therefore the air (to and from the 
equator) moves icith less velocity in our 
northern hemisphere in those two months 
than in any other. 

Q. Shaw the goodness and wisdom of God in 
this constant tendency of air to equilibrium. 

A. If the torrid zone were not tem- 
pered by cold air from the polar regions, 
it wovM becoms so hot, that no human 
being could endure it. If (on the other 
hand) the polar regions were never 
warmed by hot air from the torrid zone, 
they would soon become insufferably 
cold. • 

Q. In what other way does the mingling of 
the polar and equatorial atmosphere act beneficial^ 

LY? 

A. In the equatorial regions, the 
great abundance of veg^able life is pro- 
ductive of a very large amount of axy- 
gen: In the colc£&r regions, artificial ^res 
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and dense masses of animal life, produce 
large quantities of carbonic oorf; The 
mingling of the polar and equatorial 
atmosphere assists in supplying each of 
these regions with the very gas in which 
it would be otherwise defective. 

Q. How does the mingling (f the polar and 
BQUATORUL cUmospkere serve to supply each region 
Vfith tf^ GAS it Tnost requires ? 

A. The plants of the EauAToaiAL re- 
gions require carbonic acid; — ^The ani- 
nuds of the colder regions require 
oxygen : — The currents of air from the 
Poks carry carbonic acid to the equato- 
rial plants ; and the currents of air from 
the Equator carry oxygen to the animals 
which abound. nearer the poles. 

Q. Why wre east winds in Europe, and 
WEST WINDS in the United States, generally dry ? 

A. Because they come over vast con-- 
tinents, and therefore absorb very little 
water; and being thirsty, they readily 
imbibe moisture from the air and douds, 
and therefore bring dry weather. 

Q. Why is the north wind generally cold ? 

A. Because it comes from the polar 
regions, over mountains of snow and 
seas of ice. 

Q. Why a/re north, winds generally dry and 
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A. Because they come from colder 
regions, and being* warmed by the heat 
of our climate, absorb moisture from 
every thing they touch ; in consequence 
of which, they are both dry and parch- 
ing. 

Q. Why are south winds generally warm ? 

A. Because they come from the tor- 
rid zone, where they are much heated. 

Q. Why do SOUTH winds often bring rain ? 

A. Because, coming from the torrid 
zone, they are much heated^ and imbibe 
water very plentifally, as they pass over 
the Ocean. 

Q. How does this account for the rainy cAa- 
raeter cf^QVTB. winds ? 

A. As soon as they reach a cold cli- 
mate they are condensed, and can no 
longer hold all their vapor in suspen- 
sion ; in consequence of which, some of 
it is deposited as rain. 

Q. Why are west winds in Europe, and 
BAST WINDS in the United States, generally raint ? 

A. Because they come over the 
Atlantic Ocean, and are laden with 
vapor ; if, therefore, they meet with the 
least chiU, some of the vapor is deposited 
as rain. 

Q. Wkf is a fine olbae day sometimes over- 
oast in a few minutes ? 
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A. Because some sudden change of 

. temperature has condensed the vapor of 
the air into clouds, 

Q. Why are clouds sometimes dissipated very 
suddenly? 

A. Because some dry icind (blowing 
over the clouds) imhihes their moisturSy 
and carries it off in invisible vapor. 

Q. JVhy do SOUTH-EAST winds bring tis eain ? 

A. Because they come from the tar- 
rid zone, and g^et ktden tovth vapor in 
their transit across the ocean. But when 
they reach our colder climate, (being 
condensed by the chill) some of the va- 
por is precipitated in rain. 

Q. Why do north-west vnnds rarelt bring 

RAIN? 

A. Because they come from a climate 
colder than our own, and their capacity 
for imbibing vapor is increased^ when 
they reach a warmer climate ; in conse- 
quence of which, north-west winds dry 
the airy dispel the clouds, and promote 
evaporation. 

Q. Why does wind sometimes bring rain and 
sometimes fine weather f 

A. If the wind be odder than the 
chads, it will condense their vapor into 
rain: But if the wind is warmer than 
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the d(mds, it will dissolve them, and cause 
them to disappear. 

Q. What is the use rf dry march winds f 

A. They dry the soil, which is satu- 
rated with the floods of February, break 
up the heavy clods, and fit the land for 
the seed committed to it. 

Q. Why is it saidy that '^ March comes in 
Hke a lion ?" 

A. Because it comes in with bluster- 
ing winds^ so essential to dry the soil, 
lest it rot the seeds committed to it. 

Q. Why does " March go out like a lamb ?" 

A. Because the water (evaporated 
by the high winds) falls again in showers^ 
to fertilize the earth ; and these constant 
. showers break tlie violence of the winds. 

Q. Why is it said, that <' A bushel of Maboh^ 
DUST is worth a king's ransom .?" 

A. Because it indicates that there 
has been a continuance of dry weather ; 
and unless March be dry, the seed will 
rot in the wet soil. 

Q. Why is it said, ^^ A dry, cold March 
mever begs bread ?" 

A. Because the dry, cold winds of 
March prepare the soil for seeds ; which 
germinate and produce fruit in the 
autumn. 
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Q. Il is said^ that ""A wet March makes a 
SAB autumn" Explain the reason of this. 

A. If March is loet^ so much seed 
rots in the ground, that the autumn crops 
are spoiled. 

Q. B is said, that "Mabch floweks make 
NO summer bowers." Explain the reason of this. 

A. If the spring be very mildj veg'e- 

tation gets too forward, and is pinched 

by the nightly fro^, so as to produce 

neither fruits nor flowers. 

Q. It is said, '* A late spring makes a frxttt- 
PUL TEAR." Explain the reason of this, 

A. If the vegetation of spring be 
backward^ the frosty nights will do no 
harm; for the fruits and flowers will 
not put forth their tender shoots, till the 
nights become too warm to injure them. 

Q. Why is it said, that '^ April showers 
bring Mat flowers?" 

A. Because April showers supply 
the principal nourishment, on which 
seeds depend for their development. 

Before seeds can ferminate, ^ree things are essential :-^ 
Darkness, Heat, and Moisture. 

Q. Does RAIN-WATER possess any fertilizing 
properties, besides that of mere moisture ? 

A. Yes ; rain-water contains an 
abundance of carbonic acid, and a small 
quantity of ammonia; to which much 
of its fertilizing power may be attributed. 
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Ajnmonia is a compound of nitrogen and hydrogen. 
Common hartshorn is only ammonia and water. 

Q. Why is there more rain from September 
to March, than from March to September ? 

A. Because the temperature of the 
air is constantly decreasing; on which 
account, its capadty for holding vapor is 
on the decrease, and the vapor is precip- 
itated as rain. 

Q. What good purpose is effected under Provi- 
dence by this increase of rain in autumn and win- 
ter ? 

A. Because rain hastens the putre- 
faction of the fallen leaves; and this 
makes the earth fertile. 

Q. Why is there less rain from March t<k 
September, than from September to March ? 

A. Because the temperature of the* 
air is constantly increasing; on whicb 
account its capa^cUy for holding vapor is. 
on the increase^ and very Uttle is precipi- 
tated as rain. 

Q. Why is the rising sun in summer accom- 
ponied with a breeze 1 

A. Because the heat of the rising 
sun stops the radiation of heat from the 
earth, and warms its surface. 

Q. How does this warmth produce a breezb f 

A. The air (resting on the earth's 
surface) being warmed by contact ascends, 
13 
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and colder air i^ushing in to fill up the 
void, produces the morning breeze. 

Q. Why is there often an evening breeze 
during the summer months ? 

A. Because the earth radiates keat 
at sun-^et and the air is rapidly cooled 
down by contact : this condensation 
causes a motion in the ah\ called the 
evening' breeze. 

Q. Why are tropical islands subject to a 
SEA BREEZE €very MORNING : {%. e., a breeze blowing 
from the sea to the land) ? 

A. Because solar rays are unable to 
heat the surface of the sea^ as they do 
the earth ; therefore, the air lasting on the 
sea is less heated than the air resting on 
the earth ; and the colder sea air blows 
inland to restore the equilibrium. 

Q. Why is a land breeze unhealthy? 

A. Because it is frequently laden 
with exhalations from putrefying ani- 
mal and vegetable substances. 

Q. Why is a sea breeze ^r^^xA and healthy ? 

A. Because it passes over the fresh 
sea, and is rwt laden with noxious ex- 
halations. 



It is particularly healthy^ therefore, to walk on the u.^ 
beadi before ten o'clock in the morning; bui unAealtAy 
after sun-set. 

Q. Why is there generally a fresh breeze from 
ike SEA durhig the summer and autumn mornings? 
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A. Because land is more lieated lyy 
the sun than the sea is ; and the kmd air 
becomes hotter than that over the sea ; 
in consequence of which, the cooler sea 
air glides inland to restore the equili- 
brium. 

Q. Why does a sea breeze feel cool ? 

A. Because the sun cannot make the 
surface of the sea so hot as the land; 
therefore, the air which blows from the 
sea is cooler than tfie air oftfie land. 

Q. Why are tropical islands svije^^t to a 
LAND BREEZE, every EVENING (i. «., a breeze blomng 
from the land towards the sea) ? 

A. Because the surface of the land 
cools down fastei' (after sun-set) than 
the surface of the sea : in consequence 
of which, the air of the cold land is con- 
densed — sinks down — and spreads itself 
into the warmer sea air — causing the 

LAND BREEZE. 

Q. Why is the land breeze cool ? 

A. Because the surface of the land 
is cooled at sun-set quicker than the swr- 
face of the sea ; therefore, seamen feel 
the air from the land to be chill. 

Q. Why is the temperature o^ islands more 
equable than that o/* continents ? 

A. Because the loater around the isl- 
and absorbs the extreme heat of sum- 
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mer ; and gives out heat to mitig-ate the 
extreme cold of winter. 

Q. Islands are warmer in winter than conti- 
neTUs, Explain the reason of this. 

A. Unless the sea be frozen (which 
is rarely the case) it is warmer than the 
frozen land : and the warmth of the sea 
air helps to mitigate the intense cold of 
tlie land air. 

Q. Explain the cause of sea waves ? 

A. The wind (acting on the surface 
of the sea) piles up ridges of water, 
leaving behind an indentation : as the 
water on all sides rushes to JUl up this 
indentation J the disturbance spreads on 
all sides, and billow rolls after billow. 

Q. Why does wind generally feel cold 1 

A. Because a constantly clianging 
surface comes in contact with our body, 
to draw off its heat 

Q. Why is a room (even without a finre) ge^ 
nerally warmer than the open air ? 

A. Because the air in a room is not 
subject to much change, and soon becomes 
of the same temperature as our skin, 
when it no longer feels cold. 

Q. Why do we generally feel colder aiU-tf" 
doors than in-door s ? 

A, Because the air (which surrounds 
us) is always changing; and as fast cu9 
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one portion of air has become warmer 
by contact with our body, another colder 
portion surrounds us, to absorb more 
heat. 

Q. How does blowing hot food fnake U 

COOL ? 

A. It causes the air (which has 
been heated by the food) to change more 
rapidly, and give place to fresh cold air. 

, Q. Why do ladies fan themselves in hoi 

weather ? 

A. Thai fresh particles of air may be 
brought in contact with their faces by 
the action of the fan; and as every 
fresh particle of air absorbs some heat 
from the skin, this constant change 
makes ihem cool. 

Q. Does a fan cool the air ? 

A. No; it makes the air hotter by 
imparting to it the heat out of oar face ; 
but it cools our /ace by transferring its 
heat to the air, 

Q. How fast does wind travel ? 

A. A gentle breeze goes at about 
the rate of 5 miles an hour. A high 
wind from 20 to 60. A hurricane from 
80 to 100 miles an hour. 

Q. Haw is the velocity cf winds ascertained? 

A. By observing the velocity of the 
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clouds; and by an instrument for the 
purpose, called an Anemometer. 

Pronounce An-e-mom'-e-ter. From two Greek words 
wtftoi (wind) and nerpov (a measured This term is applied 
more frequently to an instrument wnich measures the force 
of wind. 

Q. How is the velocity of the clouds ascer- 
tamed ? 

A. By observing" the speed of their 
shadow along the ground; which is 
found (in a high wind) to vary from 20 
to 60 miles an hour. 

Q. Why is there a strong draught through 
the KEYHOLE of a door ? • 

A. Because the air in the room we 
occupy is wanner than the air in the 
hall; therefore, the air from the hall 
rusftes through the keyhole in the room, 
and causes a draught. 

Q. Why is /here a strong draught under the 
DOOR, and through the crevice on each side ? 

A, Because cold air iiish^ from the 

hall, to supply the void in the room, 

caused by the escape of warm air up 

the chimney, &c. 

Q. Why is there always a draught through 
the window crevices I 

A. Because the external air (being 
colder than the air of the room we occu- 
py) rushes through the window crev- 
ices to supply the deficiency, caused by 
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the escape of warm air up the chimney, 
&c. 

Q. Jffyim open the low£r sash of a window, 
there is more draught than if f^ open the uppsa 
sath. Explain the reason of this. 

A. If the loioer sash be open, cold 
external air will rush freely into the room 
and cause a great draught inwards; 
But if the MjEjper sash be open, the heai^ 
ed air of the room will rush outj and (of 
course) there will be less draught in- 
wards. 

Q. By which means is a roc^ better ycnti- 
LATED— ^^ opening the upper or the lower sash f 

A. A room is better ventilated by 
opening the upper sa^h ; because the hot 
vitiated air (which always ascends to- 
wards the ceiling) can escape more easily. 

Q. By which means is a hot room more 
quickly COOLED — By opening the upper or the lower 
sash? 

A. A hot room is cooled nwre quiddy 
by opening the lower sash ; because the 
cold air can enter more freely at the 
Imcer part of the room, than at the w/jper. 

Q. Why does wind dry damp linen ? 

A. Because dry wind (like a dry 
sponge) imbibes the particles of vapor 
from the surface of the linen, as fast as 
they are formed. 
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Q. Which is the hottest place in a churchy 
chapel, or theatre? 
A. The gallery. 

Q. Why is the oallert of all 'public places 
HOTTER than the lower parts of the building ? 

A. Because the heated air of the 
building* ascends; and all the cold air 
(which can enter through the doors and 
windows) keeps to the floor, till it has be- 
come heated. 

Q. Why do PLANTS often grow out of walls 
and TOWERS? 

A. Because the seed has been blown 
there with the dust, by the tdnd, or 
dropped by some bird flying over. 
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CHAPTER XXV. 

Q. What is a barometer ? 

A. A weather-glass, or instrument to 
measure the variations in the weight of the 
air ; by means of which variations, we 
may judge what weather may be ex- 
pected. 

Barometer is a compoand of two Greek words, Bapoc 
(weight) and ^trpov (a measure). 

Q. What is a therhombtsr? 
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A. An instrument to show how hot 
or cold anything is. 

Thermometer is a componnd of two Greek words 0ip- 
)u$ (heat) and ittrpov (measure). 

Q. What is the difference between a ther- 
mometer a9ld a BAROMETER ? 

A. In a THERMOMETER the mercury 
is sealed up from the air ; and rises or 
falls, as the varying* temperature of the 
air expands or contracts it : but 

In a BAROMETER the mercury is left 
exposed (or open) to the air ;* and rises 
or falls, as the varying weight of the air 
presses upon the open column. 

Q. J^the mercury of the thermometer be sealed 
vv from the air, how can the air affect it ? 

A. The heat of the air passes through 
the glass tube into the mercury which 
causes the metal to expand and rise in 
the tube. 

Q. Why is the tube of a barometer left open ? 

A. That the air may jrress upon it 
freely ; and, as this pressure varies, the 
mercury rises or falls in the tube. 

The top of the tube must be a ^^ vacuum;" otherwise 
the pressure of the external air upon the lower part of the 
column cannot affect the mercury. 

Q. How can a barometer, which measures the 
WEIGHT of air, be of service as a weather glass I 



♦ At its lower extremity. 
13* 
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A. When air is moistj or filled with 
vapor, it is lighter than usual ; and the 
column of mercury stands low : 

When air is dry and free from vapor, 
it is lieavier than usual ; and the mercury 
stands high: Thus the barometer (by 
showing" the variations in the weight of 
the air) indicates the changes of the 
weather also. 

Q. Why can ycm ieU {by looking at a ba- 
rometer) what KIND o/" WEATHER it wUl he? 

A. Because the mercury in the tube 
rises and falls, as the air becomes heav- 
ier or lighter : and we can generally tell 
by the weight of the air, what kind of 
weather to expect. 

Q. Does the weight of the air vary much? 

A. Yes ; the atmosphere varies as 
much as one-terUh part more or less. 

Q. What use is a barometer to sailors ? 

A. It warns them to regulate their 
ships, before squalls come on. 

Q. Ho Iff can a barometer warn sailors io 
regulate their ships ? 

A. As it indicates when mnd, rain^ 
and storm are at hand, the sailor can 
make his ship trim before they overtake 
him. 

Q. Are there any rttles which can he depended 
on? 
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A. Yes; thei-e are ten spedaJ. rules 

to direct us how to know the chairiges 

of weather, by marking the mercury of 

a barometer. 

Q. MerUion ike 1st special rule with ttgo/rd, 
to the barometer ? , 

A. The barometer is higliest of all 
during a long frost; and it generally 
rises with a northrwest wind. 

Q. Why is the barometer highest ^ aU during 
a long FROST ? 

A. Because a long frost condenses the 
air vei-y greatly ; and the more condensed 
air is, the greater is its pressure on the 
mercury of a barometer. 

Q. Why does the barometer generally rise 
foith NORTH-WEST loinds ? 

A. Because north-west winds make 

the air both cold and dry: and being 

both condensed, and without vapor, it is 

much heavier. 

Q. Mention the 2d special rule toith regard 
to the barometer ? 

A. The barometer is lotcest of all 
during a thaw, which follows a long frost : 
and it generally falls with south or 
east wind. 

Q. Why does the barometer fall lowest of all 
at the BREAKING vTofa long frost ? 

A. 1st — Because the air (which had 
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been much dried by the frost) absoi^bs 
the moisture of the fresh warm current 
of wind from the south or south-west : 
and 

2dly — ^The air (which had been much 
condensed by the frost) is suddenly ex^ 
panded by the warm wind, which is 
introduced. 

Q. Why does the barometer faU very low wiik 
SOUTH and east winds ? 

A. Because south and east winds 
come heavily laden with vapor ; and tw- 
porized air is lighter than dry air. 

Q. What effect has wind on the mercury ? 

A. The barometer is high^ when the 
wind blows between the west and the 
north; but it is for/?, when the wind 
blows between the south and the east. 

Q. Why do these winds affect the mercury of a 
ba/rometer ? 

A. Because the pressure of the air is 
increased by cold winds, and diminished 
by warm ones. 

Q. Why is the pressure of air increased with 
cold winds from the north ? 

A. Because the air contracts^ when 
it is cooled by winds from the north and 
east, and warmer air flows in from all 
Bides to fill up the vacuum; in conse- 
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quence of which, its volume is increased, 
and the barometer rises. 

Q. Why is the pressure of air diminished 
by warm winds from the south ? 

A. Because the air ascends when it is 
heated by south winds, and flows away 
in all directions; in consequence of 
which, its volume is diminished^ and the 
mercury /«/&. 

Q. What is the 3d special rule toith regard 
to the barometer ? 

A. While the barometer stands above 
30, the air must be very dry, or very 
coldj or perhaps both — and no rain may 
be expected. 

Q. Why will there be no rain tf the air be 
wry dry ? 

A. Because dry air will absorb mois^ 
ture, and not part with it in rain, 

Q. Why will there be no rain tf the air be 
very cold ? 

A. Because it is so much condensed^ 
that it lias already parted with as much 
moisture as it can spare. 

Q. What is the 4th special rule with regard 
to the barometer ? 

A. When the barometer stands very 
low indeed, there will never be much 
rain; althoug'h ^ fine day will seldom 
occur at such times. 
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Q. What kind of weather is there Ukdy to 
he, when the barometer is unusually low? 

A. S'lort heavy showers^ with sudden 
squalls of wind from the west. 

Q. Why wiU there he very little raiw, if 
the harometer is unusually low ? 

A. Because the air must be very 
tvarm, or very moist^ or perhaps botk. 

Q. Why wiU there be little or no rain, if the 
AIR be very warm ? 

A. Because wanti air has a tendeo- 
cy to imbibe mare moisture and not to 
part with what it has. 

Q. Why toill there be little or no rain, ^ the 
air be moist and, the barometer very low ? 

A. Because rain will never fall Teven 
though the air be saturated), till cM air 
has been introduced to condense the va- 
por : And, as soon as cold air has been 
introduced, the barometer will rise in- 
stantly. 

Q. Name the 5th speoul rule vnth regard 
to the barometer ? 

A. In summer-time (after a long con- 
tinuance of fair weather) the barometer 
will /a// gradually for 2 or 3 days before 
rain comes : But if the fall of the mer- 
cury is very sudden, a thunder-storm may 
be expected. 

Q. What is the 6th srEOLu:^ rule vnth regard 
to the barometer ? 
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A. When the sky is cloudless, and 
seems to promise fair weather — if the 
barometer is fou?, the face of the sky will 
soon be suddenly overcast. 

Q. WhcU is the 7th special rule with rega/rd 
to the barometer ? 

A. Dark dense clouds will pass over 
tmthoiU rain, when the barometer is 
high; but if the barometer be loiv, it 
will often rain icithout any appearance of 
clouds. 

Q. What is the 8th special rule with regard 
to the ba/rometer ? 

A. The higher the barometer, the 
greater the probability of fair weather. 

Q. Why is the ba/rometer high in fine wea- 
ther? 

A. Because the air in fine weather 
contains very little vapor. The drier the 
air, the higher does the mercury of the 
barometer rise. 

Q. What is the 9th special rule wUh rega/rd 
to the barometer ? 

A. When the mercury is in a rising 
state, Jine weather is at hand ; but, when 
the mercury is in a sinking state, /omZ 
weather is near. 

Q. Why does the mercmy rise at the approacfk 
jif fine weather I 

A. Because the air is becoming mor^ 
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dry; and, therefore, its pressure is in- 

creased, 

Q. Why does the mercwry sink <U the approach 
of FOVL weather ? 

A. Because the air is laden loith vor 
por or disturbed by wind. 

Q. Why does vapor' in the air make the mev' 
cwry SINK ? 

A. Because vaporized air is lighter 
than dry air ; and its pressure on the 
barometer less, 

Q. What is the 10th special rule with re- 
gard to the barometer ? 

A. If (in frosty weather) it begins to 
snow, the barometer generally rises to 
30; where it remains, so long as the 
snow continues to fall : If, after this, the 
weather clears up, you may expect very 
severe cold, 

Q. How can you know if the mercury of the 
barometer is rising ? 

A. When the top of the column is 
convex (i. e., higher in the middle than at 
the sides), the mercury is in a rising state. 

Q. How can you tell if the mercury of the 
barometer is falling ? 

A. When the top of the column is 
concave (i. e., hollow in the middle), the 
mercury is in a falling state, 

Q. Why is the mercwry convex when U is 

ai8INO? 



A» Because the parts of the mercury 
in contact with the tube aue delayed by 
the gflass ; in consequence of which, the 
middle part rises faster than the sides; 
and the surface is convex. 

Q. Why is the mercury concave when U is 

PALLING ? 

A. Because the parts of the mercury 

in contact with the tube are delayed by 

capUlaty attraction ; in consequence of 

which, the middle part sinks faster than 

the sides : and the surface is concave. 

Q. What effect does a thunder-storm produce 
on the wexUher ? 

A. It is generally preceded by hot 
weather, and followed by cold and show- 
ery weather. 

Q. JVhat effect does « suddbn change cften^ 
perature produce on the weather ? 

A. A great and sudden change (ei- 
ther from hot to cold, or from cold to 
hot) is generally followed by rain within 
24 hours. 

Q. Why is a sudden ohanoe from hot to 
COLD followed by rain ? 

A. Because cold condenses the air; 
and some of its vapor is given off in 
rain, 

Q. Why is a sudden ctuvQH fhm ooui to 
mnfoUoiced by rain ? 
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A. Because the air is quickly 9Mur 
rated with moisture : but when night 
comes on, and chiUs the temperature, 
some of the abundant moisture is given 
off in rain. 

Q. Why is the air quickly saturated wUk 
MOiSTUEE, when heat rapidly succeeds to coli>? 

A. Because the evaporation (which 
was checked by the cold) is carrkd on 
very rapidly, in consequence of the dir 
nmdghed pressure of the air. 

N. B. The less the presswre of the air, the more rapid ti€ 
evap(yration of moisture will be. 

Q. When does the barometer tary biost ? 

A. In winter-time. 
Q. Why does the barometer vary more %n 
WINTER, than in svvLKER-time ? 

A. Because the difference of temper- 
ature between the torrid and temperate 
zones is much greater in winter than in 
summer: and produces a greater dis- 
turbance in the state of the air. 

Q. When does the barometer vary i*ea8T ? 

A. In summer-time. 
Q. Why does the barometer vary less in mntr 
BIER than in v/WTEK'time ? 

A. Because the temperature of the 
torrid and temperate iaones in summer 
is so nearly equal, that its state is not 
much disturbed by interchangfe of cur- 
rents. 
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Q. Have beat arid gold any effect en the ba- 
rometer ? 

A. No, not of themselves; but be- 
cause cold weather is g-enerally either 
dry, or rov^h with north-west winds, 
therefore the mercury rises in cold wea- 
ther : And because warm weather is 
often moist^ or fanned by south-east 
winds, therefore the mercury sinks in 
warm weather. 

Q. Why is the mercury of a barometer lower 
in the torrid than in the frigid zone ? 

A. Because the warm air of the tor- 
rid zone contains much more vapor than 
the condensed air of the frigid zone; 
and the moister the air, the less is its 
pressure. 

Q. In what months i$ the barometer highest ? 
A. In May arid August; then in 
June, March, September, and April. 
Q. In what months is the barometer lowest? 

A. In November and February ; then 
in October, July, December, and Jan- 
uary. 

Q. Why is there less wet from March to 
August than there is from August to March ? 

A. Because the heat is constantly in- 
creasing ; and the capacity of air to ab- 
sorb and retain moisture increases like- 
wise. 



308 BAROMETER. 

Q. Why is there more wet from August ta 
March than from March to August ? 

A. Because the heat is constanllt/ 
decreasing; and the capacity of air ta 
retain moisture decreases also ; so that 
althougph it often rains, yet the air is 
always on the point of saturation. 

Q. Why does the mercury cf a barometer rise 

V% a FROST 1 

A. Because frost condenses the air; 
and condensed air is heavier than rare- 
fied air. 

Q. Why does the mercwry cfa barometer fall 
in a THAW % 

A. Because the air is filled with 
vapor. 

Q. Whai does a sudden rise or faU of the ha-- 
rometer indicate ? 

A. If the rise be sudden, fine wea- 
ther will not continue long : 

If the faU be sudden, foul weather 
will not continue long*. 

Q. What sort (f weather may we expect^ if the 
barometer is very fluctuating % 

A. If the mercury fluctuates much, 
the weather will be very changeable and 
unsei^tled. 

The fall of the barometer. 

In very hot weather, the fkll of the mercury denotes 
thunder. Otherwise, the sadden falling of the barometer 
denotes high wind. 
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Tn frosty weather, the fell of the barometer denotes thaw. 

If wet weather happens soon after the Ml of the ba- 
rometer, expect but IMe of it. 

In wet weather, if the barometer falls, expect much wet. 

In f(Ur weather, if the barometer falls and reTfiaim low, 
expect much wet in a few days, and probably mnd. 

K. B. ■ The barometer sinks lowest of all for wind and 
rain together; next to that for wind, (except it be an east 
or north-east wind.) 

The rise of the barometer. 

In mifUer^ the rise of the barometer presages frost. 

In frosty weather, the rise of the barometer presages 
snow. 

If fair weather happens soon after the rise of the ba- 
rometer, expect but little of it. 

In wet weather, if the mercury rises high and renydr^ 
so, expect continued ^7i« vjeidher in a day or two. 

In wet weatner, if the mercury rises suddenly very high, 
fine weather will not last long. 

N. B. The barometer rises highest of all for north and 
wedt winds ; for all other winds it sinks. 

The barometer UNSETTLED. 

If the motion of the mercury be imsetfied^ exi)ect unset- 
tled weather. 

If it stand at '' much rain " and rise to '' chanoeablb," 
expect /flir weather of short corUiniiance. 

If it stand at " pair " and fall to " changeable," expect 
foul weather. 

N. B. Its moiXon upwards indicates the approach of 
fine weather ; its motion downwards indicates the approach 
of foul weather. 



SNOW. HAIL. RAIN. 

CHAPTER XXVI. 

Q. What is snow ? 

A. The condensed vapor of the air 
frozerij and precipitated to the earth. 
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Q. Whai is the cause of snow ? 

A. When the air is nearly saturated 
with vapor, and condensed by a current 
of air behw freezing pointy some of the 
vapor is condensed, and frozen into 
snow. 

A few years ago, some fishermen (who wintered at 
Nova Zembla), after they had been shut up in a hut for 
several days, opened the window^ and the cold external air 
rushing in, instantly condensed the air of the hut, and its 
vapor fell on the floor in a shower of snow. 

Q. Wky does snowfall in winter Hme f 

A. Because the sun's rays are too 
oblique to heat the surface of the earth ; 
and (as the earth has no heat to radiate 
into the air) the air is very cold. 

Q. Whai is the cause of SLEET 1 

A. When flakes of snow (in their 
descent) pass through a bed of air above 
freezing pointy they partially melt ; and 
fall to the earth as half-melted snow, or 
sleet. 

Q. What is the use of snow ? 

A. To keep the earth warm, and to 
nourish it. ^ 

Q. Does snow keep the earth warm ? 

A. Yes, because it is a very bad con^ 
ductor; in consequence of which, when 
the earth is covered with snow, its tem- 
perature very rarely descends behw 
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freezing pointy even when the air is 15 
or 20 degrees colder. 

Q. Why is snow a bad conductor of heat 
aiui cold? 

A. Because air is confined and en- 
tangled among the crystals ; and air is 
a very bad conductor : When, therefore, 
the earth is covered with snow, it cannot 
throw off its heat by radiation. 

Q. Tell me the words cf the Psalmist (ozlyii. 
16) respecting snow ; and explain whcU he means f 

A. The Psalmist says— "The Lord 
giveth snow like wool ;" and he means, 
not only that snow is as white as wool, 
but that it is also as loarm as wool. 

Q. Why is wool warm T 

A. Because air is entangled among 
the fibres of the wool ; and air is a very 
had conductor. 

Q. Why is snow warm ? 

A. Because air is entangled among 
the crystals of the snow ; and air is a 
very bad conductor. 

Q. Why does snow nourish the earth f 

A. Because it supplies moisture con- 
taining carbonic acid ; which penetrates 
slowly into the soil, and insinuates itself 
through every clod, ridgfe, and furrow. 

Q. Why is there no snow in summer Hm€ t 
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A. Because the heat of the earth melts 
it in its descent, and prevents it frona 
reaching* the surface of the earth. 

Q. IVhy are some mountains always cover- 
ed with SNOW ? 

A. Ist — ^Because the air on a high 
mountain is more rarefied; and rarefied 
air retains much heat in a latent state : 
and 

2dly — ^Mountain-tops are not surround- 
ed by earth, to radiate heat into the air ; 
and, therefore,' the snow is nca meked 
in its descent, but falls on the rAountain^ 
and lies there. 

Q. Why is SNOW white? 

A. Because it is formed of an infinite 
number of very minute crystals and 
prisms, which reflect all the colors of the 
rays of light from different points; and 
these colors, uniting before they meet 
the eye, cause snow to appear white. 

The same answer applies to salt, loaf-sugar, &c. {Sm 
p. 372.) 

Q. WTuU is uail'^ 

A. Rain, which has passed in its 
descent through some cold bed of air, and 
has been frozen into drops of ice. 

Q. What makes onb bed rf air ooldbe tkam 
amiherf 
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A. It is frequently caused by eko 
tricUy unequalbj distrilnUed in the air. 
Q. Why is hail frequaUly accompanied wiih 

THUN0ER and LIGHTNING ? 

A. 1st — Because the ccmgekuion of 
water into hail disturbs the electricity of 
the air : and 

2dly — The friction (produced by the. 
fall of hail) excites it still more. 

Q. Why does hail faU generaliy in bummer 

qnd AUTUMN? 

A. 1st — Because the air is more 
highly electrified in summer and autumn 
than in winter and spring : and 

2dly — The vapors in summer and 
autumn (being rarefied) ascend to more 
elevated regions, which are colder than 
those nearer the earth. 

Q. What TWO things a/re essential to canue. 

HAIL? 

A. Two strata of clouds having oj^[)o^ 
site electricitiesy and two currents oftoind. 
The lower chad (being negative) is the 
one precipitated in hail. 
,. Q. What is RAIN 1 

A The vapor of the clouds or air 
condensed, and precipitated to the earth. 

Q. When is the vapor of the air or cUmdg^ 
FKECiFiTATED in hoU, rain, or snow ? 
14 
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A. When the air is saturated wkh vor- 
por, and a cold current condenses it ; it 
is then no longer able to hold all its 
vapor in solution, and some of it falls as 
rain. > 

Q. Why does RAisfaU in drops ? 

A. Because the vapory particles in 
their descent attract each other; and 
those which are sufficiently near unite^ 
and form into drops. 

Q. Why does not the cold of nioht always 
cause rain ? 

A. Because the air is not always near 
saturation ; and unless this be the case, 
it will be able to hold its vapor in solu- 
tion, even after it is condensed by the 
^illy nig'ht. 

Q. Why does a passing cloud often drop 

BdUN? 

A. Because the cloud (travelling 
about on the wind) comes into contact 
with something that chiUs it ; and its va- 
por being condensed, jfe//s to the earth as 
rcdn. 

Q. Why are rain-drops sometimes muck 
LARGER than at other times ? 

A. Because the rain-cloud is floating 
near the earth; when this is the case, 
the drops are large, because such a 
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cloud is much more dense than one more 
elevated. 

The size of the rain-drop is also increased, according to 
the rapidity with which the vapors are condensed. 

Q. Does not wind sometimes increase the 
SIZE of ram-drops? 

A. Yes; by blowing two or more 
drops into one. 

Q. Whi/ do CLOUDS FALL in rainy weather f 

A. 1st — Because they are heavy with 
abundant vapor : and 

2dly— The density of the air being 

diminisfied, is les^ able to buoy the clouds 

up. 

Q. How do you know that the density of the 
air is diminished in rainy weather ? 

A. Because the mercury of a ba- 
rometer /a/&. 

Q. Why is rain-water more fertilizing 
than PUMP-WATER ? 

A. 1st — Because it contains more 
carbonic acid : and 

2dly — It contains also a small quan- 
tity of ammonia^ with which it supplies 
the young plants. 

It is probable that the ammonia of ram-water is merely 
that which escapes from putrefying animal matters, beaten 
back by the force of the shower. 

Q. Why does rain purify the air ? 

A. 1st — Because it hecuts down the 
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noxious exhalations collected in the air, 
and dissolves them : 

2dly — It mixes the air of the upper 
regions with that of the lower r^ions: 
and 

3dly — ^It washes the eartii, and sets in 
motion the stagnant contents of sewers 
and ditches. 

Q. Why are MouNTAiNotJS courUries mare 
BAiNT ihanflai ones f 

A. Because the air (striking against 
the sides of the mountains) is carried up 
the inclined plane, and brought in contact 
with the cold air of the higher regions : 
in consequence of which, its vapor is 
condensed, and deposited in rain. 

Q. Why does a sponge swell when it is 

WETTED ? 

A. Because the water penetrates the 
pores of the sponge by capillary attrac- 
tion, and drives the particles /ur/Aer^'ow* 
each other; in consequence of which, the 
bulk of the sponge is greatly increased. 

Q. Why do FIDDLE-STRINGS SNAP in WET 

weather ? 

A. Because the moisture of the air 
(penetrating the string) causes it to 
sivell; and (as the cord thickens) its 
tension is ina'eased, and the string snaps. 
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Q. Whp does PAPER PT7CKER whtn ii is wet- 
ted? 

A. Because the moisture (penetrating^ 
the paper) drives its particles further 
apart; and (as the moisture is absorbed 
unequcUly by the paper) some parts are 
more enlarged than others; in conse- 
quence of which, the paper bUsters or 
packers. 

Q. Why do the weather-toys (called capuchins) 
Uft the cowl over the figures in wet weather^ and 
remove ii in dry ? 

A. Because the cowl of the capuchin 
is attached to a piece of cat-gut in such a 
manner, that when the cat-gut is short- 
ened by rnoisture, it pulls the cowl up ; 
but in dry weather the string is loosened^ 
and the cowl falls down by its own 
weight. 

Q. In another- weather-toy the man comes oui 
in WET weather^ and the ladt in fine : — Why is 
this? 

A. Because the two figures are at- 
tached to a piece of cat-gut in such a 
manner, that when the cat-gut is short- 
ened by moisture, it pulls the man out; 
but when it is loose^ the woman faUs out 
by her own weight. 

Q. Why a/re wet stockinos difficult to 

PULL ON ? 
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A. Because the moisture penetrates 
the threads of the stockings, and causes 
them to shrink in size, 

Q. In which part of the day does the most 

A. More rain falls by night than by 
day; because the cold night condenses 
the air, and diminishes its capacity for 
holding vapor in solution. 

Q. Does more rain fall in summer or in win- 
ter? 

A. There are more rainy days from 
September to March; but Reamer rains 
between March and September. 

Q. Why are there more rainy days from 
September to March than from March to September f 

A. Because the temperature of the 
air is constantly decreasing, and its capa- 
city for holding vapor decreases also; 
in consequence of which, it is frequently 
obliged to part with some of its vapor 
in rain. 

Q. In what part of the world does rain fall 

MOST abundantly ? 

A. Near the equator; and the quan- 
tity of rain decreases, as we approach the 
poles. 

Be it remembered that there are fewer rainy days^ 
although more rain actually falls during the wet season 
of the equator, than &lls in 12 months at any other past 
of the globe. 
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WATER. 

CHAPTER XXVII. V 

Q. Of what is water composed ? 

• A. Of tvx) gases, oxygen and hydro- 
gen. 

In 91b8. of water — 8 are oxygen, and 1 is hydrogen. 

Q. Why is WATER FLUID ? 

A. Because its particles are k^pt 
separate by latent heat: When a cer- 
tain quantity of this latent heat is driven 
out, water becomes solid, and is called 
ice. 

By increasing its laterU heat, the particles of water are 
again subdivided into irvmsible steam. 

Q. Why is PUMP-WATER caMed " hard waUr P' 

A. Because it is laden with foreign 
matters, and will not readily dissolve 
suhstajices immersed in it. 

Q. Whai makes fump-water hard ? 

A. When it filters through the earth, 
it becomes impregnated with sulphate of 
lime, and many other impurities from the 
earths and minerals with which it comes 
in contact. 

Q. What is the cause </ mineral springs ? 

A. When water trickles through the 
ground, it dissolves some of the substan- 
ces with which it comes in contact ; if 
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these substances are metallic, the water 
will partake of their mineral character. 

Some water is imbued with lime ; some with $aUj dDC., &c. 

Q. Why is it difficult to wash out hands 
dean with hard water ? 

' A. Because the soda of the. soap com- 
bines with the sulphuric add of the hard 
water — and the ml of the soap with the 
lime — and floats in flakes on the top of 
the water. 

N. B. Salphate of lime consists of sulphuric add and 
lime. 

Q. Why is it difficult to wash in salt water % 
A. Because it contains muriatic acid; 
and the soda of soap combines with the 
muriatic acid of the salt water, and pro- 
duces a cloudiness. 

Q. What is the cause of petripactions ? 

A. While water rolls underground, 
its impurities are held in solution by the 
presence of carbonic acid : but when 
the stream reaches the open air, its car- 
bonic acid escapes, and these impurities 
are precipitated on various substances 
iyingf in the course of the stream. 

These impurities are especially carhonate of lime and 

IIOII. 

Q. Why does a black hat turn red at ike 

^aKA*8IDS ? 

A. Because the murioHc add of the. 
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sea water disturbs the gallic acid of the 
black dye, and turns it red. 
Q. Of what is soap i»ade ? 

A. Of kelp (or the ashes of sea- weed 
dried and burnt in a pit) mixed with oil 
or fat. 

Yellow Soap is made of whale oil, soda, and resin. 
Soft soap is made of oil and potash. Hard soap, of oil 
and soda. 

Q. Why does water clean dirty linen ? 
A. Because it dissolves the stains, as 
it would dissolve salt. 

Q. Why does soap greatly increase the cleans- 
ing power of water ? 

A. Because many stains are of a 
greasy nature ; and soap has the power 
of uniting with greasy matters, and ren- 
derinof them soluble in water. 

Q. Why is rain-water soft ? 

A. Because it is not impregnated 
with earths and minerals. 

Q. Why is it more easy to wash wUh soft 
water J than with hard % 

A. Because soft water unites freely 
with soap, and dissolves it ; instead of de- 
composing* it, as hard water does. 

Q. Why do WOOD ashes make hard water 
soft? 

A. 1st-— Because the carbonic acid 
of wood ashes combines with the sulphate 
14* 
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of lime, in the hard water, and converts 
it into (hoik : and 

2dly — Wood ashes convert some of 
the soluble salts of water into insoluble, 
and throw them down as a sediment ; in 
consequence of which, the water remains 
more pure. 

Q. Why has rain-water such an unpleasamt 
SMELL, when U is collected in a rain-waier tub or 
tank ? 

A. Because it is impregnated with 
decomposed organic matters, washed 
from roofs, trees, or the casks in which 
it is collected. 

Q. Why does water melt sugar ? 

A. Because very minute particles of 
water insinuate themselves into the 
pores of the sugar, by capillary attrac- 
tion ; and force the crystals apart from 
each other. 

Q. Why does water melt salt ? 

A. Because very minute particles 
of water insinuate themselves into the 
pores of the salt, by capillary attraction ; 
and force the crystals apart from each 
other. 

Q. Why does melted sugar or salt gwe a 
FLAVOR to water ? 

A. Because the sugar or salt (being 
disunited into very minute pieces) ^/Zoote 
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about the water, and mixes with every 
part. 

Q. Why does hot water melt sugar and saU 
QUICKER than cold water f 

A. Because the heat (entering the 
pores of the sugar or salt) opens a pas- 
sage for the water. 

Q. Why is SEA-WATER brackish f 

A. 1st — Because the sea contains 
mines of salt at the bottom of its bed : 

2dly — ^It is impregnated-with bitumi- 
nous matter^ which is brackish : and 

3dly — It contains many putrid sub- 
dances of a brackish nature. 

Q. Why is not rain-water salt, although 
most of it is evaporated from the sea 7 

A. Because scut will not evaporate; 
and therefore when sea- water is turned 
into vapor, its sait is left behind. 

Q. Why does stagnant water putrept ? 

A. Because leaves, plants, insects, 
&c., are decomposed in it. 

Q. Why is stagnant water full of worms, 
eels, 4*^. ? 

A. Because numberless insects lay 
their eggs in the leaves and plants float- 
ing on the surface ; these eggs are soon 
hatched, and produce swarms of worms, 
eels, and insects. 
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Q, Why it PLOwmo waier f&be firom^ tksae 

IMPURITIES ? 

A. 1st — Because the motion of run- 
ning' water prevents fermentation : 

2dly — ^It dissolves the putrid substan- 
ces which happen to fall into it: and 

3dly — It casts on the bank (by its 
current) such substances as it cannot 
dissolve. 

Q. Why does atTNNiNO w(Uer osciUiATE and 
WHIRL in its current f 

A. 1st — Because it impinges against 
its banks, and is perpetually diverted 
from its forward motion : and 

2dly — Because the centre of a river 
flows faster than its sides. 

Q. Why do the sides of a river flow mare 
TARDILY than its centre 1 

A. Because they ruh against the 
banks, and are delayed in their current 
hy this friction. 

Q. Why does soapy water bubble ? 

A. Because soap makes the water te- 
nacious ; and prevents the bubbles frona 
bursting as soon as they are formed. 

Q. Why wiU not water bubble without soap 7 

A. Because it is not tenacious enough 
to hold together the bubldes that are 
formed. 
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Q. W%m SOAP-BUBBLES o/Te blown from a pipe 
why do they ascend ? 

A. Because they areJiUed xokh warm 
breathy which is lighter than air. . 
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CHAPTEE XXVIII. 

Q. What is iciT? 

A. Frozen water. When the air 
is reduced to 32 degrees of heat, water 
will no longer remain in a fluid state. 

Q. Why is solid ice lighter than watbil ? 

A. Because water expands by freez- 
ing ; and as the bulk is increased, the 
gravity must be less. 

Nine cubic inches of water become ten when fVozen. 

Q. Why do EWERS BREAK in a frosty nioht ? 

A. Because the water in them freez- 

es ; and {expanding by frost) bursts the 

ewers to make room for its increased 

volume. 

Q. Why does it TUft expand upwards {like 
boiling water) ^ and run over ? 

A. Because the surfax^ is frozen 
first ; and the frozen surface acts as a 
plug, which is more difficult to burst 
than the earthen ewer itself. 
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Q. Wkp do TILE8, STONES, and ROCKS afteK 
SPLIT in winter ? 

A. Because the moisture in them 
freezes ; and (expanding' by frost) splits 
the solid mass. 

Q. In wirier-time^ foot-marks and inrHKEL- 
RUTS are often covered with an icy net-work, 
through the intei slices of which the soil is dearly 
seen : — Why does the wcUer freeze in net-work? 

A. Because it freezes first at the 
sides of the foot-prints: other crystals 
gradually shoot across, and would cover 
the whole surface, if the earth did not 
absorb the water before it had time to 
freeze. 

Q. In tointeT'time^ these foot-marks and 
wheel-ruts are sometimes covered with a perfect 
SHEET of ice, and not an icy net-work: — Why is 
this? 

A. Because the air is colder and the 
earth harder than in the former case, in 
consequence of which, the entire surface 
of the foot-print is frozen over before the 
earth has had time to absorb the water. 

Q. Why is not the ice solid in these ruts ? — 
Why is there only a very thin film or net-work of 

ice? 

A. Because the earth absorbs most of 
the v>ater, and leaves only the icy JUm 
behind. 
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Q. Why do water-pipes frequently burst in 
FROSTY weather ? 

A. Because the water in them/re6;2r- 
es ; and (expanding by frost) bursts the 
pipes to make room for its increased 
volume. 

Q. Does not water expand by heat as well as 

by COLD? 

A. Yes; it expands as soon as it is 
more than 42 deg-rees, tUl it hoik ; after 
which time, it flies off in steam. 



Freezing water, 82®. 




212^ Boiling water. 
C 



Here A B measures the bulk of a portion of water at 
42 degrees.' 
It goes on increasing in bulk to C D, when it boils. 
It also goes on increasing in bulk to E F, when it freezes. 
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cold? 



When does water begin to expand from 



A. When it is reduced to 42 degrees.' 
Water is wisely ordained by God to be 
an exception to a very general rule — ;it 
contracts till it is reduced to 42 degrees, 
and then it expands till it freezes. 

The general rule is this — That cold condenses and con- 
tracts the volume of nearly everything ; but water is not 
mUflra£ted by cold after it freezes, (which it does at 82®). 
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Q. Why does water expand UDhen U freezes ? 

A. Because it is converted into 9olid 
crystals which do ma fit so chsdy as par- 
ticles of water do. 

Q. Why is the bottom (fa river never fro- 
zen? 

A. Because water ascends to the 
surface, so soon as it becomes colder 
than 42 degrees ; and (if it freezes) ^/foafe 
there till it is melted. 

Q. Shaw the wi9T>oK of Gov in this foanderfiU 
exeeptum to a general law. 

A. If ice were heavier than waier^ it 
would sink ; and a river would soon be- 
come a solid block of ice^ which could 
never, be dissolved. 

The g^eneral rale is— that all sabstances become heavier 
from condensation ; but ice is lighter than water. 

Q. Whtf does not the ice on the surface of a 
river chill the water beneath and make it freeze? 

A. 1st — Because water is a very bad 
conductor, and is heated or chilled by 
CONVECTION only : 

2dly — If the ice on the surface were 
to communicate its coldness to the water 
beneath, the water beneath would com- 
municate its heat to the ice, and the ice 
would instantly melt : and 

3dly — ^The ice on the surface acts as 
a shi^, to prevent the cold air from 
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penetrating through, the river, to freeze 
the water below the surface. 

Q. Why does water freeze at the surface 
first f 

A. Because the surface is in contact 
with the air, and the air carries away iu 
heat, 

Q. Why does the coat cf ice grow thicker and 
THICKER if the frost continues ? 

A, Because the heat of the water 
(immediately below the frozen surface) 
passes through the pores of the ice into 
the cold air. 

Q. Why are not whole rivers frozen 
{lofer by layer), till they became solid ice f 

A. Because water is so slmc di con- 
ductor, that our frosts never continue 
long enough to convert a whole river in- 
to a solid mass of ice. 

Q. Why does Tvot running walpr freeze so 
FAST as STILL woter ? 

A. 1st — Because the motion of the 
current disturbs the crystals, and prevents 
their forming into a continuous surface : 
and 

2dly — The heat of the wn(fer surface 
is communicated to the upper surface by 
the rolling of the water. 

Q. When RUNNING water is frozen why ii 
the ice generally very rough ? 
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A. Because little flakes of ice are 
first formed and carried dmvn the stream, 
till they meet some obstade to stop them ; 
other flakes of ice (impin^ng against 
them) are arrested in like manner ; and 
the edges of the different flakes overlap- 
ping each other, make the surface rough. 

Q. Why do some forts of a river freeze 
LESS than others ? 

A. Because springs issue from the 
bottom ; and (as they bubble upwards) 
thaw the ice, or make it thin. 

Q. When persons fall into a river in winier- 
time why does the watek feel rema/rkMy warm % 

A. Because the frosty air is at least 
10 or 12 degrees colder than the water is. 

The water below the sur&ce is at least 42^ ; but the 
air 82^, or even less. 

Q. Why is shallow water frozen nuyre 
QxncKLY than deep water ? 

A. Because the whole volume of water 
must be cooled to 42 degrees, before the 
surface can he frozen : and it takes a 
longer time to cool down a deep bed of 
water than a shallow one. 

Q. Why is sea- water rarely frozen ? 

A. 1st — Because the rmiss of water 
is so great, that it requires a very long 
time to cool the whole volume down to 
42 degrees : 



FREEZING. 331 

2dly — ^The ebb and Jhw of the sea in- 
terfere with the cooling influence of the 
air : and 

3dly — Salt water never freezes till the 
surface is cooled down 25 degrees bdow 
freezing point. 

Q. Whp do some lakes rarely (^ ever) 

FREEZE? 

A. Ist^ — Because they are very deep : 
and 

2dly — Because their water is supplied 
by springs, which bubble from the bol- 
tom. 

Q. Why does the depth of water retard its 

FREEZING ? 

A. Because the lohole volume oftcater 
must be reduced to 42 degrees, before 
the surface will freeze: and the deeper 
the water, the longer it will be before 
the whole volume is thus reduced. 

Q. Why do springs at the bottom of a lake 

PREVENT its freezing ? 

A. Because they keep continually 
sending forth fresh water, which pre- 
vents the lake from being reduced to 
the necessary degree of coldness. 

Q. It is COLDER in a thaw, than in a frost. 
Explain the reason of this. 

A. When frozen water is thawed, it 
absorbs heat from the air^ &c., to melt 
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the ice; in consequence of which, the 
heat of the air is greatly reduced. 

Q. It is WARMER in a frost than in a tuavt, 
Explain the reason of this. 

A. When water freezes^ it gives out 
.• latent heat^ in order that it may be.cori- 
verted into solid ice ; and, as much heat 
is liberated from the water to the atmos- 
phere, the air feels warmer. 

Q. Salt dissolves ice. Explain the reason 
qfthis. 

A. Water freezes at 32'', but scdi 
and water will not freeze till the air is 
25 degrees colder ; if, therefore, salt be 
added to frozen water, it dissolves it. 

Unless the thermometer stands below 7°. 
Q. WiU any thing dissolve ice besides salt ? 
A. Yes ; any aorf, such as sulphuric 
acid, nitric acid, &c. 

Q. Why is a mixture of salt and snow cold- 
er than snow itself? 

A. Because salt dissolves the crystals 
of snow into a fluid : And whenever a 
solid is converted into a fluid, heat is ab- 
sorbed^ and the cold made more intense. 

Q. Why does frosx make the earth crack ? 

A. Because the water absorbed by 
the earth in warm weather, expanding 
by the frost, thrusts the particles of 
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earth apart from each other, aod leaves 
a chink or crack between. 

Q. Skow the WfSBOM of G-od in this arrange- 
ment. 

A. These cracks in the earth let in 
air, dew, rain, and many gases favorable 
to vegetation. 

Q. Why does the earth crumble in spring ? 

A. Because the ice of the clods dis- 
solves; and the particles of earth (which 
had been thrust apart by the frost) being 
lefiunsupportedj tumble into minute parts, 
because their cement of ice is dissolved, 

Q. Why does mortar' crumble, away in 

FROST ? 

A. Because it was not dried in the 
warm weather; therefore its moisture 
freezes^ expands^ and thrusts the parti- 
cles of the mortar away from each other ; 
but as soon as the frost goes the water 
condenses, and leaves the mortar full of 
cracks and chinks. 

Q. Why does stucco peel from a wall in 
FROSTY weather f 

A. Because the stucco was not dried 
in the warm weather ; therefore its mois- 
ture ^€e;?e8, expands, and thrusts its par- 
ticles away from the wall ; but, as soon 
as the water condenses again by the 
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thaw, the stqcco (being unsupported) 
faUs by its own xjodghi. 

Q. Why cannot bbjcklaysrs ay^d plastebjsks 
work in frosty weather ? 

A. Because fro^ expands mortar, 
and causes the bricks and plaster to 
start frovfi their position. 

Q. Why do bricklayers covbr thdr work 
with STRAW in spring and autumn ? 

A. Because straw is a non-conduct- 
or; and prevents the mortar of their 
new work ivom freezings during the cold 
nights of spring and autumn. 

Q. Why a/re water pipes often covered with 
STRAW in mTiter-time ? 

A. Because straw (being a non-con- 
ductor) prevents the water of the pipes 
from freezing, and the pipes from burst- 
ing. 

Q. Why are delicate trees covered with straw 

in WINTER ? 

A. Because straw (being a non-con- 
ductor) prevents the sap of the tree from 
being frozen. 

Q. Can water be frozen tn any way be« 
SIDES by frosty weather? 

A. Yes; in very many ways. For 
example — a bottle of water wrapped in 
cotton^ and frequently wetted with ether^ 
will soon freeze. 
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Q. Why would i^ATER FREEZE if the battle 
tDere kept constantly wetted with ether ? 

A. Because evaporation would carry 
off the heat of the water, and reduce it 
to the freezing point. 

Q. Why does ether freeze under the receiv- 
er (fan AIR-PUMP, when the air is exhausted f 

A. Because ecaporaiion is very 
greatly increased by the diminution of 
aimmpheric pressure; and the ether 
freezes by evaporation. 

FREEZING MIXTURES. 

1. K nitre be dissolved in water, the heat of the liquid 
will be reduced 16 degrees. 

2. If 5 oz. of nitre, and 6 of sal-ammoniac (both finely 

Sowdered^ be dissolved in 19 oz. of water, the heat of the 
quid will be reduced 40 degrees. 
- 8. If 81bs. of snow be added to lib. of salt, the mixture 
will fall to (P (or 32 degrees below freezing point). 
The two following are the coldest mixtures yet known — 

1. Mix 31bs. of muriate of lime with lib. of snow. 

2. Mix 51bs. of diluted sulphuric acid with 41bs. of snow. 

Q. Why is it more easy to swim in the sea 
than in a ^iy^kI^ 

A. Because the specific gravity of 
salt water is greater than that of fresh ; 
and, therefore, it hwoys up the swimmer 
better. 

Q. How do cooks ascertain if their brine be 
SALT ENOUGH foT pickling ? 

A. They put an egg into their brine. 
K the egg sinks, the brine is vjot strong 
enough; if the egg floats^ it is. 
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Q. WAp will an egg sink, if the brine be kot 
STRONG enough for pickling ? 

A. Because an egg will be the hea^ 
mer : but if as much saU be added as 
the water can dissolve, an e^g will be 
lighter than the sU'ong brine, and conse- 
quently float on the surface. 

Q. Why wiU an eo6 float m strong brine 
and not in water f 

A. Because the specific gravity of 
soft and water is greater than that of 
water only, 

Q. Why do 'persons sink in water when they 
are unskilful swimmers ? 

A. Because they struggle to keep 
their head oat of water. 

Q. Explain how this is. 

A. When the head is thrown back 
boldly into the water, the mouth is kept 
above the surface, and the swimmer is 
able to breathe : 

But when the head is kept above the 
surfa/:e of the water, the chin and mouth 
sink beneath it, and the swimmer is suf- 
focated. 

This may be ilinstiated thus : — If a piece of wood be 
of such specific gravity, that only tvfo square inches can 
float out of water ; it is manifest, that if two other inches 
are raised out, the two former inches must be plnnged in. 
The body (in floating^ resembles this piece of wood— 
If two square inches oi the face float out of the water, ih» 
swimmer can breathe \ but if part of the back and crown 
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of the head be forcibly raised above the sar&ce, a propor- 
tional quantity of the face must be plunged in; and the 
mouth becomes covered. 

Q. Why can quadrupeds swim more easily 
than MAN ? 

A. 1st — Because the trunk of quad- 
rupeds is lighter than water ; and this is 
the greatest part of them : and 

2dly — ^The position of a beast (when 
swimming) is a natural one. 

Q. Why is it more difficult for a man to 
stoim than for a beast? 

A. 1st — Because his body is more 
heavy in proportion than that of a beast : 
and 

2dly — The position and muscular ac* 

tion of a man (when swimming) differ 

greatly from his ordinary habits; but 

beasts swim in their ordinary position. 

Q. Why can fat mm swim more easily thaai' 
SPARE m,en ? 

A. Because fat is lighter than irafer ; 
and the fatter a man is, the more buoy- 
ant will he be. 

Q. How are fishes able to ascend to the sur- 
face o^t(?a^€r? 

A. Fishes have an air-bladder near 
the abdomen; when this bladder is 
fMed with air the fish increases in size, 
and (being lighter) ascends through the* 
water to its surface. 
15 
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Q. How are fishes able to dive in a minuie io 
ike BOTTOM of a stream ? 

A. They expd tJie cdr from their air- 
bladder ; in consequence of which, their 
nze is diminished^ and they sink instant- 
ly- 
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CHAPTER XXIX. 

Q. WkatisuGwrl 

Ah Rapid undulations of a fluid called 
ether, made sensible to the eye by strik* 
ingf on the optic nerve. 

See p. 61. 

Q. How PAST does light travel ? 

A. Lig-ht travels so fast, that it would 
go eig-ht times round the earth while a 
;person counts " one." 

Q. Does ALL light travel equally fast ? 

A. Yes; the lig-ht of the sun — the 
-light of a candle — or the light from 
houses, trees, and fields. 

Q, Where does the light of houses, trees, 
and fields, come from f 

A. The light of the sun (or of some 
lamp or candle) is reflected from their 
surfaces. 
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Q. Why art some surfaces brilliant {liike 
glass and steel), and others dull, like lead ? 

A. Those surfaces which reflect the 
most light, are the most brilliant; and 
those which absorb light are dall. 

Q. What is meant by reflecting light? 

A. Throwing* the rays of light back 
again from the surface on which they 
fall 

Q. What is meant by absorbing light ? 

A. Retaining the rays of light on 
the surface on which they fall ; in con- 
sequence of which, their presence is not 
made sensible by reflection. 

Q, Why can a thousand persons see the 
SAME OBJECT at the same time ? 

A. Because it throws off from its 
surface an infinite number of rays in 
all directions ; and one person sees one 
portion of these rays, and another person 
another, 

Q. Why is the ete pained by a sudden light f. 

A. Because the nerve of the eye is 
burdened with rays before the pupil has 
had time to contract. 

Q. Why does it give us pain, if a candle be 
brought suddenly towards our bed at night-time ? 

A. Because the pupil of the eye di- 
lates very much in the dark, in order to 
admit more rays. When, therefore, a 
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candle is brought suddenly before us, the 
enlarged pupils overload the optic nerves 
tmth raySj which causes pain. 

Q. Why OAN toe bear the candk4ight after a 
few momerUs? 

A. Because the pupils contract again 
almost instantly ; and adjust themselves 
to the quantity of light which falls upon 
them. 

Q. Why can we see nothing, when we leave 
a WELL-LIGHTED Toom^ and go into the da&kee 
ROAD or street 1 

A. Because the pupil (which con- 
tra^ied in the bright room) does not diUUe 
instantaneously; and the contracted pu- 
pil is not able to collect rays enough 
irom the darker road or street to enable 
us to see objects before us. 

Q. Why do we see better, when we get used 

to the DARK ? 

A. Because the pupil dilates again, 
and allows more rays to pass through 
its aperture ; in consequence of which, 
we see more distinctly. 

Q. J^ we look at the bun for a few moments^ 
why do all other things appear dark ? 

A. Because the pupil of the eye be- 
comes so much contracted by looking at 
the sun, that it is too small to collect suf- 
ficient rays from other objects to enable 



I 



VISION. 341 



us to distinguish their colors. (See 
** Accidental colors ;" pp. 375, 376.) 

Q. ^we wcUch a bright fire for a few momefUSy 
why does the room seem dark ? 

A. Because the pupil of the, eye be- 
comes so much contracted by looking at 
the fire, that it is too smaM to collect suf- 
ficient rays from the objects around to 
enable us to distinguish their colors. 

Q. Why can toe see the proper colors of 
every object again, after a few minvies f 

A. Because the pupil dilates again 
and accommodates itself to the light 
around. 

Q. Why can tigers, cats, and owls, see in 

the DARK 1 

A. Because they have the power of 
enlarging the pupil of their eyes so as to 
collect several scattered rays of light ; 
in consequence of which, they can see 
distinctly when it is not light enough for 
us to see any thing at all. 

Q. Why do cats and owls sleep almost all 

DAT? 

A. Because the pupil of their eyes is 
very broody and daylight fatigues them ; 
so they close their eyes for relief. 

Q. Why do cats keep winking, when they sii 
brfore a fire ? 

A. Because the pupil of their eye is 
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very broad, and the light of the fire is 
painful ; so they keep shutting* their eyes 
to relieve the sensation of too much light. 

Q. Why tia TIGERS, cats, owls, 4*^., prowi* 
by fUGHT for prey ? 

A. Because they skep all day when 
the strong light would be painful to 
them ; and as they can see clearly in the 
dark, they prowl then for prey. 

Q. Why do OLOW-woRHS glisten by night 
only? 

A. Because the light of day is so 
^rong that it eclipses the feeble light of 
a glow-worm ; in consequence of which, 
glow-worms are invisible by day. 

Q. Why can we not see the stars in the day- 
time? 

A. Because the light of day is so 
powerful that it eclipses the feeble light of 
the stars : in consequence of which, they 
are invisible by day. 

Q. Why ccm we see the stars «t?e7i aJt mid-day, 
from the bottom of a deep well? 

A. Because the light of the stars is 
not overpowered by the rays of the sun, 
which are lost in the numerous reflec- 
tions which they undergo in the well. 

The rays of the sun will enter the well very obliqu£hf: 
'-'hereas, many sta/rs will shine direcUy over the well. See 
348, 849. 
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f Q. What is the use of two eyes, sijice they 

J present only one image of any object f 

A. To increase the light — or to take 
in more rays of light from tlie object 
looked at, in order that it may appear 
more distinct. 

Q. Why do we not see things double, with 

TWO EYES ? ' • 

A. Ist-^Because the clxis of both eyes 
is turned to one object; and, therefore, 
the same impression is made on the ret- 
ina of each eye : and 

2dly — Because the nerves (which re- 
ceive the impression) have one point of 
union before they reach the brain. 

This is not altogether satisfactory, although it is the 
explanation generally given. The phenomenon probahly 
is rather psychological than material. 

Q. Why do we see ourselves in a glass? 

A. Because the rays of light from 
our face strike against the surface of the 
glass, and (instead of being* absorbed) 
are reflected, or sent back again to our 
eye. 

<J. Why a/re the rays of light reflected hy 
a mirror % 

A. Because they cannot pass through 
the impenetrable metai with which the 
back of the glass is covered; so they 
rebound back, just as a marble would do, 
if it were thrown against a wall. 
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Q. When a marble is rolled towards a waii^ 
Vfhai is the path through which it runs called f 

A. The line of incidence. 

Q. When a marble rebounps badk a^ain^ 
what is the path it then describes called ? 

A. The line of reflection. 

See figure below. If AB be the line of incidence, then 
BC is the line of reflection ; and vice vena. 

Q. When the light of <mr face goes to the 
GLASS, what is the path through which it goes 

CALLED? 

A. The line of incidence. 

Q. When the light ofourfuce is reflected back 
again from the mirror, what is this returning path 
called? 

A.' The line of reflection. 

Q. What is the angle ofijicidence ? 

A. The angle between the line of 
incidence and the perpendicular. 
Q. What is the angle of reflection f 

A. The angle between the line of 




REFLECTION. 345 

Let 8S be any surthee, PB a perpendicular to it.— If a 
marble were thrown from A to B, and bounded Iwick to 
C ; then ABP would be called the angle of incideTux, and 
CBP the angle of rejkcHcm. 

Q. Why does our reflection in a mirror seem 
to APPROACH usj as we walk towards it ; and to 
RETIRE FROM tw, as WE retire ? 

A. Because the lines and angles of 
inndence are always equal to the lines 
and angles of refection; in consequence 
of which, the image will always seem 
to be as far behind the mirror as the real 
object is before it. 




Suppose A to be a mirror— CA, EA and DA, PA, the 
lines of incidence; then GA, KA and HA, LA, are the 
lines of reflection. When the arrow is at CD, its image 
will appear at GH, because line CA=GA, and line DA= 
HA; and also the an^le CAB=angle GAB, and angle 
DAB=HAB. For a similar reason, if the arrow were at 
EF, the image would seem to be at KL. 

Q. Why can a man see his whole person 
reflected in a little mirror, not 6 inches in length ? 

A. Because the lines and angles of 

incidence are always equil to the lines 

and angles of refection; in consequence 

of which, his image will seem to be as 

15* 
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far behind the mirror as his person is 

before it. 

Take the last figure— CD is much larger than the mir- 
ror A ; but the head of the arrow C is reflected obliquely 
behind the mirror to G ; and the barb D appears at H. — 
"Whyl Because line CA=GA, and line DA=HA; also the 
angle CAB=angle GAB, and angle DAB=HAB. 

Q. JVh]/ does the image of any object in wa- 
ter always appear inverted ? 

A. Because the angles of incidence 
are always equal to the angles of reflec- 




Here the arrow-head A strikes the water at F, and is 
reflected to D ; and the barb B strikes the water at £, and 
is reflected to C. 

If a spectator stands at G, he will see the reflected lines 
CE and DF produced as far as G. 

It is very plain, that A (the more elevaied object) will 
strike the water, and be projected from it more perpen- 
dicularly than the point B ; and, therefore, the image will 
seem inverted. See p. 345. 

Q. When we see our reflection in water, 
why do we seem to stand on our head ? 

A. Because the angles of incidence 
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are always equal to the angles of reflec- 
tion. 

Suppose our head to be at A, and our feet at B ; then 
the shadow of our head will be seen at D, and the shadow 
of our feet at C. (See figure on p. 346.) 

Q. Wh]/ do WINDOWS seem to blaze ai sun- 
rise and SUN-SET ? 

A. Because glass is a good reflector 
of light; and the rays of the sun (strik- 
ing* against the window-glass) are re- 
flected, or thrown back. 

Q. Why do not windows reflect the noon-day 
rays also ? 

A. They do, but the reflection is not 
seen. 

Q. Why is the refection of the rising and 
setting »un seen in the window^ and not that of 
the noon-DAT sun ? 

A. Because the rays of the noon-day 
sun enter the glass too obliquely for their 
reflection to be seen. 




Sun near the horiaon. 
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In the preceding cnt, AB represents a ray of the noon- 
day snn striking the window at B ; its reflection will be at C. 

But DB (a ray of the rising or setting snn) will be in- 
flected to £ (the eye of the spectator.) 

Q. Why can we not see the reflection of the 
8UK in a WELL, during the day-time ? 

A. Because the rays of the sun Jail 
80 obliquely that they n^er reach the 
surface of the water at all, but strike 
against the brick sides. 

THE SUN. 




Let BDEC be the well, and DE the water. 

The ray AB strikes against the brick-work inside the 
wall; and 

The ray AC strikes against the brick-work mUside the 
well. 

None will ever touch the water DE. 

Q. Why are stars reflected in a well, 
although the %\m is not ? 

, A. Because the rays of those stars, 
which pass nearly over-head, will not fall 
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so obliquely into the well as the rays of 
the sun. 



THE MOON OR A STAR. 
A 




Here the star's rays AB, AC, both strike the water DE, 
and are reflected by it. 

Q. On a lake of water ^ the moon seems to make 
a PATH of light towards the eye of the spectator, while 
all the REST of the lake seems dark — Why is this f 

A. Because the lake is in deep sha- 
dow ; and many rays which would be 
eclipsed by the broad light of day be- 
come visible. 

The same path of light may be discerned in the day-time, 

wjien a cUnid passes over the sun. 

Q. In a sheet of water at noon, the sun appears 
to shine upon only one spot, and all the rest of the 
water seems dark — Why is this ? 

A. Because the rays fall at various 
degrees of obliquity on the water, and 
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are reflected at similar angles ; but as 
only those which meet the eye of the 
spectator' are visible, all the water will 
appear dark except tlmt one spot. 




Here, of the rays SA, SB, and SC, only the ray SC 
meets the eye of the spectator D. 

The spot C, therefore, will appear luminons to the spec- 
tator D, but no other spot of the water ABC. 

Q Why are more stars visible from a moun- 
tain than from a plain ? 

A. Because they have less air to pass 
through. As air absorbs and diminishes 
light ; therefore, the higher we ascend, 
the less light will be absorbed. 

Q. Why do the sun and moon seem larger 
at their rising and settino, than at any other 
time 1 

A. Because the arch of the sky (in 
which the sun and moon are seen) is 
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further distant at the horizon than it is 
over-head. 




Let MM be the orbit of the sun or moon. 

Let BD be the arch of the sky, in which the sun and 
moon are seen by us. 

It will be seen from the figure, that the sun or moon at 
the horizon will appear much larger, because CD is longer 
than CB. 

The Phenomenon referred to on p. 350, (called the hor- 
izontal Sun and Moon), has perplexed philosophers to the 
present hour. The solution given is not altogether satis- 
factory — Sir J. Herschell says, " The dilated size of the 
sun or moon, when seen near the horizon, has nothing to 
do with refraction. It is an illusion of the judgment^ aris- 
ing from the terrestrial objects interposed, or placed in 
comparison with them. Actual measurement with a pro- 
per mstrument corrects our error, without, however, dis- 
pelling our illusion— the whole is owing to the effect of 
paral^." 



352 LIGHT. 

Q. JVhy can uk not see iiUo the street cr 
roady when candles are lighted ? 

A. 1st — Because glass is a reflector, 
and throws the candle-light bcuJc into the 
room again : and 

2dly — The pupil of the eye (having 
become dontracted by the light of the 
room) is too small to collect rays enough 
from the dark street to enable us to see 
into it, 

Q. JVhi/ do we often see the fire reflected 
in our parlor window in ynnter-time ? 

A. Because glass is a good reflector ; 
and the rays of the fire (striking against 
the window-glass) are reflected back into 
tlie room a^ain. 

Q. Why do we often see the image of our can- 
dles in the window, while we are sitting in our 
parlor? 

A. Because the rays of the candle 

(striking against the glass) are reflected 

hack into the room ;' Siud the dar/cer the 

night, the clearer the reflection. 

Q. Whv w this reflection more dear, if the 
external air be dark ? 

A. Because the reflection is not 
eclipsed by the brighter rays of the sun 
striking on the other side of the window. 

Q. If the SHADOW of an object be thrown on a 
vhM — the closer the object is held to the candls, 
the LARGER wiU be its shadow. Why is this f 
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A. Because the rays of light diverge 
(from the flame of a candle) in straight 
lines like lines drawn from the centre of 
a circle. 



.1 
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Here the arrow A held close to the candle, will cast the 
shadow BF on a wall ; while the same arrow held at 
would cast only the little shadow DE. 

Q. When we enter a long avenue ef teeb0, 
WHY does the avenue seem to get nareowee a/nd 
narrower till the two sides appear to meet? 

A. Because the further the tre^s are 
off, the more aorfe iMl be the angle that 
any opposite two make with our eye. 

- -^ g y ^ 



Here the width between the trees A and B will seem to 
be «i great as the line AB : 
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But the width between the trees and D will seem to 
be no more than EF. 

Q. In a long^ straight street, why do the 
Houses on the opposite sides seem to approach nearer 
together as they are more distant ? 

A. Because the more distant the 
houses are the more acute xmll he the an- 
gle which any opposite two make with 
our eye. 

Thus in the last flgare, 
If A and B were two houses at the top of the street, the 
street would seem to be as wide as the line AB : 

And if C and D were two houses at the bottom of the 
street, the street there would seem to be no wider than 
EF. 

Q. In an avenue, why do the trees seem to 
he smaller as their distance increases ? 

A. Because the further the trees are 
off J the more acute will be the angle made 
by their perpendicular height with our 
eye. , 




Qere the first tree AB will appear the heig^ht of the 
line AB ; but the last tree CD will appear only as high as 
the line EF. 

Q. In a long^ straight street, why do the 
houses seem to he smaller and smaller, the further 
the^ a/re off ? 

A. Because the further any house is 
off J the more acute wiU be the angle made 
by its perpendicular height with our eye. 
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Thus in the last figure, 

If AB be a house at the top of the street, its perpendio- 
nlar height will be that of the line AB. 

If CD be a house at the bottom of the street, its peipen* 
dicular height will appear to be that of £F. 

Q. Why does a man on the top of a moun- 
tain, or chwrch spire, seem to be 710 bigger than a 

CROW? 

A. Because 'the angle made in our 
eye by the perpendicular height of the 
man at that distance, is no bigger than 
that nnade by a crow dose by. 
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Let AB be a man on a distant mountain, or spire, and 
CD a crow close by : 

The man will appear only as high as the line CD, which 
is the height of the crow. 

Q. Why does the moon cvppea/r to us so much 
LARGER than the stars, though, in fad, it is a great 

deal SMALLER ? 

A. Because the moon is very much 
nearer to us than any of the stars. 



-^ 
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Let AB represent a fixed star, and CD the moon. 

AB, though much the larger body, will appear no big- 
ger than EF ; whereas the moon (CD) will appear as laijge 
as the line CD to the spectator G. 

The moon is 240,000 miles from the earth, not quite a 
quarter of a million of miles. The nearest fixed stars are 
20,000,000,000,000. (i. e., 20 billions.) 

If a ball went 600 miles an hour, it would reach the 
moon in twenty days : but it would not reach the nearest 
ftted star in 4,500,000 years. Had it begun, therefore, 
when Adam was creat^, it would be no further on its 
journey than a coach ()nrhich has to go from the Land's 
Snd, Cornwall, to the most northern parts of Scotland) 
after it has pasised about three-quarters of a mile. 

Q. Why does the moon {which is a sphere) 
APPEAR to be a FLAT sv/rfoce ? 

A. Because it is so far off that we 
cannot distinguish any difference be- 
tween the length of the rays issuing from 
the edge and those which issue from the 
centre. 



The rays AD and CD api>ear to be no longer than the 
ray BD ; but if all the rays seem of the same lenfith, the 

Srt B will not seem to be nearer to us than A and C ; and 
erefore ABC will look like a flat or straight line. 
The rays AD and CD are 240,000 miles long. 
The ray BD is 238,910 miles long. 

Q. Why do the sun and stars {tohich a/re 
spheres) appear to be flat surfaces ? 

A. Because they are such an imr 
mense way off^ that we can discern no 
difference of length between the rays 
which issue from the edge and those 
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which issue from the centre of these bo- 
dies. 

The rays AD and OD appear no longer than BD ; and 
as B appears to be no nearer than A or 0, therefore A, B, 
C, most all seem eqnally distant ; and ABO will seem a 
flat or straight line. {See hut figure^ p, 356.) 

Q. Why does distance make an object in- 
visible ? 

A. Because no visitje perpendicular 
can be inserted between the lines which 
form the angle; or because the lines 
actually cross before they meet our eye. 



Here the tree AD wonld not be visible to the spectator C, 
even if he were to approach as far as B ; because no yisi* 
ble perpendicular can be inserted between the two lines 
AC, DC, at the point B, and after B the lines would cross : 
Therefore, the tree would be invisible from 0, till after the 
spectator had passed B. 

Q. Why do telescopes enahk us to see 
objects INVISIBLE to the naked eye? 

A. Because they gather together 
more luminous rays from obscure objects 
than the eye can; and form a bright 
image of them in the tube of the tele- 
scope where they are magnified. 

As many times as the dimensions of the ohjed-glass ex- 
ceed the dimensions of the pwpil of the eye, so many times 
the penetrating powers of the telescope will exceed thai 
of the naked eye. 
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Q. When a ship {pvi at sea) is approaching 
the shore, why do we see the small masts before we 
see the bulky hull ? 

A. Because the earth is rmmd ; and 
the airve of the sea hides the hull from 
our eyes after the tall masts have become 
visible. 



:^JL 




Here, only that part of the ship above the line kOt caa 
be seen by the spectator A ; the rest of the ship is hidden 
by the swell of the curve DE. 

Q. What is meant by refraction 1 

A. Bending a ray of light, as it passes 
from one rtiedium to another. 

Q. How is a ray of light bent, as U passes 
from one medium lo another ? 

A. When a ray of light passes into a 
denser medium it is bent towards the per- 
pendicular. When it passes into a rarer 
medium it is bent^^om the perpendicular. 
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Suppose DE to be a perpendicular line. \v 

If Ab (a ray of li^ht) enters the water, it will be bent 
towards the perpendicular ta C. 

If (on the other hand^ OB (a ray of light) emerges 
from the water, it would oe bent away from the perpen- 
dicular towards A. 

Q. Why does a spoon {in a glass of wcUer) 
always appear bent ? 

A. Because the light (reflected from 
the spoon) is refracted as it emerges from 
the water. 

See Pig. 2, p. 858. The spoon ABC will appear bent, like 
ABD. 

Q. Why does a river always appear more 
shallow than it really is ? 

A. Because the light of the bottom 
of the river is refracted, as it emei^es 
out of the water. 

See Fig. 2, p. 368. The bottom of the river will appear 
elevated like the bowl of the spoon D. 

Q. How much deeper is a river than U seems 
to be? 

A. About one-third. If, therefore, a 
river seems only 4 feet deep; it is really 
6 feet deep. 

The exact apparent depth would be 4i. To find the 
real depth, multiply by 4 and divide by S—thus 4iX4-i-3 
=6, real depth. 

N. B« Many boys get out of their depth in bathing, in 
consequence of this deception. Remember, a river is al- 
ways one-third deeper than it appears to be : — thus, if a 
river seems to be 4 feet deep, it is in reality nearly 6 feef 
deep, and so on. 

Q. Why do fishes seem to be nearer the swrface 
of a river than they reaUy a/ref 
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A. Because the rays of light from 
the fish are refracted^ as they emerge from 
the eye : and (as a bent stick is not so 
far from end to end, as a straight one) 
so the fishes appear nearer to our eye 
than they really are. 

See Pig. 2, p, 868. 
Q. IVhy a/re some persons near-sighted % 
A. Because the cor'nea of their eye 
is soj^rormnetUj that the image of distant 
objects is formed be/me it reaches the 
RETINA ; and, therefore, is not distinctly 
seen. 

Q. What is rneant by the ** cor'nea of the 

EYE?" 

A. All the oiUside of the visible part 
of the eye-boM. 

The curve ABC is oalled the cor'- 
nea. 

If this curve be too prominent 
(or convex), the eye is near-sighted. 

If too flat (or concave), the eye is 
far-sighted. 

Q. WTuit is meant by the " ret'ina of the 

ETE?" 

A. The net-work, which lines the 
back of the eye, is called the ret'ina. 

The net- work ABC is caDed the ret'- 
ina, and the projecting part DEF is called 
the cor'nea. 

N. B. This net-work is composed of 
a spreading out of the fibres of the 
nerve of vision. 
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Q. What sort cf glasses do nbar-siobted 
persons wear ? 

A. If the cornea be too convex (or 
projecting-), the person must wear double 
concave glasses^ to counteract it. 

Q. What is meant by '^ double ooncavs 

GLASSES ?" 

A. Glasses hollowed-in on both sides. 



'S 



The figure A is double concave, or concave 
both sides. 



Q. Where is the image of objects fonmdf if 
the cornea be loo convex ? 

A. If the cor nea be too conmx^ the 
image of a distant object is formed in 
the vitreous humors of the eye, and not 
on the retina. 



Thus the imaee is formed at D]^ 
and not on ABC (the retina). 



Q. What is the use of double convex speo^ 
Tacle glasses ? 

A. To cast the image further hack^ 
in order that it may be thrown upon the. 
retina and become visible. 

Of. Why are old people fab-sighted ? 
A. Because the humors of their eyes. 
are dried up by age ; An consequence of 





362 LIGHT. 

which, the cor'nea sinks in, or becomes 
flattened. 

Q. Whff does the plattening of the cor'nea 
prevent persons seeing objects which are near ? 

A. Because the cor'nea is too flatj 
and the imag-e of near objects is not 
completely formed, when their rays reach 
the retina; in consequence of which, 
the image is imperfect and confused. 



The perfect image is made at DE^ 
and not on ABC (the retina). 



Q. What sort of glasses do old people wear ? 

A. As their cor'nea is not sufficiently 
convex, they must use double convex 
glasses, to enable them to see objects 
near at hand. 

Q. What sort of glasses are " double convex 

SPECTACLE-GLASSES 1" 

A. Glasses which curve outwards on 
both sides. 



The figure A is double convex, or convex on both 
sides. 



Q. What is the vse of double convex spec- 
tacle-glasses f 

A. To shorten the focus of the eye^ 
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and bring* the image of distant objects 
upon the ret'ina. 

Q. TVhy do near-sighted persons bring objects 
CLOSE to the eye, in order to see them ? 

A. Because the distance between 
the front and back of the eye is so great, 
that the image of distant objects is form- 
ed in front of the ret'ina; but when ob- 
jects are brought near to the eye, their 
image is ihrovru further back, and made 
to fall on the ret'ina. 

Q. Why do old people hold objects far off, 
in order to see them better ? 

A, Because the distance between 
the front and back of their eyes is not 
great enough: when, however, objects 
are held further off, it compensates for 
this defect ; and a perfect image is form- 
ed on the ret'ina. 

Q. Why a/re hawks able to see such an im- 
mense way off? 

A. Because they have a muscle in 
the eye which enables them to fatten 
their cornea, by drawing back the crys- 
talline lens. See p. 362. 

This muscle is called the Marsnpimii. 

Q. Why can hawks see objects within half-an- 
inch of their eye, as well as those a long way off? 

A. Because their eyes are furnished 
with a flexible bony rim, which throws 
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the cornea forwwrd^ and makes the ha^^^k 
near-sighted. See p. 360. 

Q. ItUo how many parts may a ray of light 

be DIVIDED ? 

A. Into three parts : Blue, Yellow, 
and Red. 

N. B. These three colors, by combination, make seven. 
1.— Red. 2.— -Orange (or red and yellow). 3.~Yellow. 
4. — Green (or yellow and blue). 6. — Blue. 6. — Indigo 
(a shade of blue) ; and 7. — Violet (or blue and red). 

Q. How is it knovm, that a ray of light con- 
sists of several differ erU colors? 

A. Because, if a ray of light be cast 
upon a triangular piece of glass (called a 
prism), it will be distinctly divided into 
seven . colors : 1. — ^Red ; 2. — Orange ; 
3.— Yellow ; 4.— Green ; 5.— Blue ; 
6. — Indigo ; and 7. — Violet. 

Q. Why does a prism divide a ray of lighi 

into VARIOUS COLORS ? 

A. Because all these colors have 
different refractive susceptibilities. Red 
is refracted least, and blue the most ; 
therefore, the blue color of the ray will 
be bent to the top of the prism, and the 
red will remain at the bottom. 




Here the ray AB (received on a prism atB)i;vroiLld 
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have the blue part bent up to C ; the yellow part to D ; 
and the red part no further than £. 

Q. What is mearU by the refraction cf a 
ray? 

A. Bending it from its straight line. 

Thus the ray AB of the last figure is refracted at B into 
three courses, 0, D, and E. 

Q. WTuU is the cause of a rainbow ? 

A. When the clouds opposite the sun 
are very dark^ and rain is stUl falling 
from them, the rays of the bright sun 
are divided by the rain-drops^ as they 
would be by a prism. 



//^ 







Let A, B, and C, be three drops of rain; SA, SB, and 
SO, three rays of the sun. SA is divided into three col- 
ors ; the blue and yellow are bent above the eye D, and the 
red enters it. 

The ray SB is divided Into the three colors ; the blue is 
bent above the eye, and the red falls below the eye D ; but 
the yeUow enters it. 

The ray SC is also divided into the three colors. • The 
blue (wluch is bent most) enters the eye ) and the oth^r 
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two fell below it. Thus the eye sees the blue of C, and 
of all drops in the position of C ; the yellow of B, and of 
ail drops in the position of B ; and the red of A, and of 
all drops in the position of A ; and thus it sees a rainbo-w. 
Q. Does EVERY person see the same colors from 

the SAME DROPS ? 

A. No ; no two persons see the same 
rainbow. 

To another spectator, the rays from SB might be red 
instead of yellow; the ray from SO yellow; and the bine 
might be reflected from some drop below C. To a third 
person, the red may issue from a drop above A, and then 
A would reflect the yellow, and B the blue, and so on. 

Q. Why are there often two rainbows at one 

and the same time ? 

A. In one rainbow we see the rays 
pf the sun entering the rain-drops at the 
top, and reflected to the eye from the 
bottom. 

In the other rainbow, we see the rays 
of the sun entering tlie rain-drops at the 
bottom, and reflected to the top, .whence 
they reach the eye. 




Here the ray 8A (of the primary rainbow) strikes the 
<kop at A— is refracted of bent to B— is then reflected 
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to C, where it is refiracted again, and reaches the eye of 
the spectator. (^See below.) 




Here the ray of SB (of the secondaiy rainbow) strikes 
the drop at B— is redacted to A— is then reflected to C 
—is a^ain reflected to D, when it is again refracted oi 
bent, till it reaches the eye of the spectator. 

Q. Whp are the colors rf the second bow all 

REVERSED ? 

A. Because in one bow we see the 
rays, which enter at the top of the rain- 
drops, refracted from the boUam : 

But in the other bow we see the rays 
which enter at the* bottom of the rain- 
drops Rafter two reflections), refracted 
from the top. 

See figure on next page. 

Here ABC represent three drops ^ rain in the sicoif- 
DART (or upper) rainbow. 

The least refracted line is red, and blue the most. 

So the RED (or least refracted rays) of all the drops in 
the position of A — ^the yellow of tnose in the position 
of B — ^and the blue (or the most refracted rays) of the 
lowest drops, all meet the eye D, and fonn a rainbow to 
the spectator. 

The reason why the primary bow exhibits the stronger 
colors is this— because the colors are seen after one reroo» 
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tion and ^100 refractions ; but the coloi-s of the secondary 
(or upper) rainbow, undergo two reflections and ttoo re- 
nactions. 

{See figure on p. 365.) Here also the least refVacted ray 
is RED, and the most refracted blue (as in the former case) ; 
but the position of each is reversed. 

Q. Why does a soap bubble ezhihU such a 

VABIETY 0^ COLORS? 

A. Because the thickness of the film 
through which the rays pass, is con- 
stantly varying". 

Q. How does the thickness of the film affed 
the coLOB. of the soap bubble ? 

A. Because different degrees of thick- 
ness in the film produce different /)oirer« 
of refrajdixm; and, therefore, as the thick- 
mss of the fihn varies, different colors 
reach the eye. 

Q. Why is a soap bubble so constarUly 

'CHANOINO its THICKNESS? 
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A. Because the water runs down 
from the top to the bottom of the bubble, 
till the crown becomes so thin as to 
burst. 

Q. Why are the late evening clouds red ? 

A. Because red rays, being the least 
refrangible^ are the last to disappear. 




Suppose PA to be a red ray, PB yellow, and PC blue— 
if the earth turns in the direction of CBD, it is quite man- 
ifest that a spectator standing at C or B (carried round 
in the same direction), would lose sight of the red rays 
(A) last of all. 

Q. Why are the early morning clouds red ? 

A. Because red rays being* the least 
refrangible are the^rs^ to appear. 

See last figure. — We must suppose the sun to be on the 
left side of the diagram— or (what will answer the same 
purpose) suppose the earth to be turning in the direction 
of DAP, then it is quite clear, that every person on the 
earth's surface will pass under A (the red rays) before he 
passes under B or 0, (and therefore his early morning 
rays will be red.) 

Q. Why are the edges o^ clouds more lxtmin- 
ous than their centres? 
16* 
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A. Because the body of vapor is thin- 
nest at the edges of the clouds. 

Q. What is the cause of morning and evening 

TWILIGHT ? 

A, When the sun is below the hori- 
zon, the rays which strike upon the 
atmosphere or clouds are bent dotmt 
towards the earth, and produce a little 
light called twilight. 

See figure on p. 369.— Here the rays of PA will give som€ 
light. 

Q. Why is a ray of jlioht composed of vari- 
ous COLORS ? 

A. Tp vary the color of different 
objects. If solar light were of one color 
only, all objects would appear of that one 
color, or else black. 

Q. Som^ things are of one color, and same 
of ANOTHER. Explain the cause of this. 

A. As every ray of light is composed 
of all the colors of the rainbow ; some 
things reflect one of these colors and some 
another. 

Q. Wht do some things reflect one color, and 
some another ? 

A. Because the surface of things is 
so differently constructed, both physically 
and chemically. 

Q. Why is a rose red ? 

A. Because the surface of a rose oft- 
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sorbs the blue and yellow rays of light, 
and reflects only the red. 

Q. W%y is a violet blue ? 

A. Because the surface of the violet 
absorbs the red andyeUaw rays of the sun, 
and reflects the blue only. 

Q. Why IS a PRIMIIOSE TELLOW ? 

A. Because the surface of the prim- 
rose absorbs the biue and red rays of solar 
light, and rejlects the yelkm. 

The chief reason why some rays are absorbed and others 
reflected is, hecause the corpuscies which compose the col- 
ored suhstance vary in magnitude : — thus, for example, if 
the diameter of a corpuscle of equal density with air be 
21 millionth of an inch, it will reflect purple ; if, on the 
other hand, it be 29 millionth of an inch, it will reflect 
red, and so on. 

Q. Why are some things black ? 

A. Because they absorb aU the rays 
of light and reflect none. 

Q. Why are some things white ? 

A. Because they absorb none of the 
rays of light, but reflect them all 

.Q. Why are coals black T 

A. Because they absorb all the rays 
of the sun which impinge upon them. 

Q. Why Qffe FROTH, a'nd sprat, avd many 

CLOUDS, WHITE ? 

A. Because they consist of an infinite 
number of small bubbles or vesiclesj 
which act like prisms in dividing the 
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rays of light ; which, by uniting again 
before they meet the eye, give the ap- 
pearance of white. 

Q. Why are snow, sugar, arid salt white? 

A. (See page 312.) 

N. B. The combination of all colors makes white. 
Q. Why are the leaves ofplarUs green 1 

A. Because a peculiar chemical prin- 
ciple, called chlo rophyll, is formed within 
their cells ; which has the property of 
absorbing the red rays and of reflecting 
the blue and yellow; which mixture 
produces green. 

Chlorophyll (yXwftov ^vXXoy, a green leaf) is the green 
matter of vegetable substances. Pronounce klo-ro-ffll. 

Q. Why are leaves a light green in spring ? 

A. Because the chlorophyll is not 
fully formed. 

Q. Why do leaves turn brown in autumn ? 

A. Because the chlorophyll under- 
goes decay, and is not replaced as it is 
in spring. 

Q. Why are plants a pale yellow, when 
kept in the dark ? 

A. Because chlo'rophyll can be form- 
ed only by the agency of the sun^s rays. 

Q. Why are potatoes yellow 7 

A. Because they are grown under- 
ground; and, therefore, can form no 
chlo'rophyll in their tubers. 
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Q. Why are potatoes which grow exposed to 
the air and light green ? 

A. Because chlo'rophyll is formed in 
them under the influence of the sun's 
%ht. 

Q. Why are some things transparent ? 

A. Because every part between the 
two surfaces has a uniforrn refracting 
power, or (in other words) has in every 
place the same density. 

And, therefore, the rays of light emerge on the opposite 
side. 

Q. Why a/re some things not transparent? 

A. Because the particles which com- 
pose them are separated by minute pores 
or spaces^ which have a different density 
from the particles themselves. 

Therefore, the rays of light are reflected and refracted 
too often to emerge. 

Q. Why are dry paper and calico {which are 
opaque) made transparent by being oiled ? 

A. Because the pores are filled by 
the oil, which has nearly the same den- 
sity as the substance of the paper itself 
— by which means a uniform density is 
effected, and the substance becomes 
transparent. 

Q. Why is glass (which is iranspa/reni) ren* 
dered opaque by being ground or pulverized ? 

A. Because the whole substance 
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from surface to surface is no longer of 
one uniform density. 

Q. Why a/re some things shining, and others 

DULL? 

A. Because some things rejlejct rays, 
and are bright; but others almrb them. 

Q. Why do DESERTS DAZZLE firom sunshine? 

A. Because each grain of sand reflects 
the rays of the su/n like a mirror. 

Q. If you move a stick {burnt at one end^ 
pretty bnskly^ around, it seems to make a oi&cle 
OP FIRE — Why is this T 

A. Because the eye retains the image 
of any bright object, after the object itsdf 
is unthdrawn ; and as the spark of the 
stick returns before the image has faded 
from the eye, it seems to form a complete 
drcle. 

Q. ^ separate figwres (as a man and a horse) 
be drawn on separate sides of a card, and the card 
TWISTED quickly, the man wiU seem to be seated on 
the horse — Why is this? 

A. Because the image of the horse 
remains upon the eye till t^ie mmi ap- 
pears. 

The Thanmatrope is constracted <m this principle. 
Q. Why do the STARS TwiKKUEil 
A. Because the inequalities and un- 
dulations in the atmosphere produce un- 
equal refractions of light; and these 
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unequal refractions cause the fwirilding^ 
or irregular brilliancy of the stars. 

Q. If we look cut a red-hot fire for a few 
minutesj wht does every thing seem tinged loith a 

BLUISH GREEN ColoT ? 

A. Because bluish green is the 
" ACCIDENTAL COLOR " of Tcd ; and if we 
fix our eye upon any color tchcUsoever, 
we see every object tinged with its acdr 
dental color when we turn aside. 

The accidental color is the color which would be required 
to be added, in order to make up white light See p. 360. 

Q. Why does the eye perceive the acgidbntal 
COLOR when the fundamenteU one is removed ? 

A. Because the nerve of the eye has 
become tired of the one, but still remains 
fresh for the perception of the other. 

Q. ^ we toear blue glasses, why does every 
thing appear tinged with orange when we tajce them 
off? 

A. Because ai^ange is the " accidental 
color " of blue ; and if we look through 
blue glassesy we shall see its '^ amdental 
color " when we lay our glasses aside. 

Q. ^ we look at the sun for a few moments^ 
every thing seems tinged with a violet color — Why 
is this f 

A. Because violet is the " accidental 
color" of yellow; and as the sun is yd- 
law, we shall see its " accidental color " 
tndet when we turn from gazing at it. 
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Q. Does rwt the dark shadow (whkh seems to 
hang over every thing after we turn from looking at 
the sun), arise from our eyes being dazzled ? 

A. Partly so : the pupil of the eye is 
very much contracted by the brilliant light 
of the sun, and does not adjust itself im- 
mediately to the feebler light of terres- 
trial objects ; but, independent of this, 
the " ACCIDENTAL COLOR " of the sun be- 
ing dark violet^ would tend to throw a 
shadow upon all things. (Seep. 340.) 

Q. Why is black glass for spectacles the best 
/or wea/r in this respect ? 

A. Because white is the accidental 
color of black ; and if we wear hUick 
lasses, every thing will appear in white 
igfU when we take them off. 

Q. Why does every thing seem shadowed with 
a BLACK MIST when we take off our common specta- 
cles? 

A. Because the glasses are white; 
and black being its " accidental color," 
every thing appears in a bkick shade when 
we liay our glasses down. 

The accidental color of red is bluish ereen. 
" " " of orange " bine. 

" « " of violet " yellow. 

" " " of black " white. 

And the converse of this is true : — 

The accidental color of bluish green is red. 
" " " of blue "orange, 

f " " " of yellow "violet. 

« " « of white " black. 
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(The law of an accidental color is thia— The accidental 
color is always half the spectrum. Thus, if we take half 
the lene th of the spectrum by a pair of compasses, and 
fix one Teg in any color, the other leg will hit upon its ac- 
cidental color.) 

N. B. The spectrum means the seven colors (red, or- 
ange, yellow, green, blue, indigo, and violet), divided into 
seven equal bands, and placed side by side in the order just 
mentioned. 
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CHAPTER XXX. 
Q. How is SOUND prodtbced f 

A. The vibration of some sonoroas 
substance produces motion in the air, 
called SOUND-WAVES, which strike upon 
the drum of the ear and give the sensa- 
tion of sound. 

Q. JVhcU are musical sounds ? 

A. Regnlar and uniform successions 

of vibrations. 

Q. How FAST does sound travel ? 

A. About 13 miles in a minute, or 
1142 feet in a second of time. 

Light would ffo 480 times round the whole earth, while 
sound is going its 18 miles. 

Q. W%y are some thirigs sonorous and oikers 
not? 

A. The sonorous quality of any sub- 
stance depends upon its hardness and 
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Q. Wkf a/re copper ana iron sonorous ofii 

iUft LEAD? 

A. Copper and iron are hard and 
elastic; but as lead is neither hard nor 
yet elastic, it is noi sonorous. 

Q. Cf what is BBLL-Msr AL made ? 

A. Of copper and tin in the following 
proportions : — In every 5 pounds of bell- 
metal there should be 1 pound of tin, 
and 4 pounds of copper. 

Q. Why u this mixture of tin arid copper used 

yiw BELL-METAL f 

A. Because it is much harder and 
more ela^ than any of the pure metals. 

Q. Why is the sound <f a hdl stopped by 
TOUCHING the hell with owr finger ? 

A. Because the weight of our finger 
stops the vibrations of the bell ; and as 
soon as the bell ceases to vibrate, it ceases 
p make sound-waves in the air. 

Q. Why does a split bell fftake a hoarse, dis- 
agreeable sound f 

A. Because the split of the bell 
causes a double vibration: And as the 
sound-waves clash and jar, they impede 
each other's motion, and produce dis- 
cordant sounds. 

Q. Why does a fiddle-string give a musical 
immdf 

A Because the bow drawn across 
the string causes it to vibrate ; aad tl^ 
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vibration of the string sets in motion tiie 
sound'toaves of the air, and produces 
musical notes. 

Q. Whp does a drum sound ? 

A. Because the parchment head of 
the drum vibrates from the blow of the 
drum-stick, and sets in motion the sound- 
waves of the air. 

Q. Why do MUSICAL GLASSES give sounds ? 

A. Because the glasses vibrate as 
soon as they are struck, and set in motiott 
the sound-waves of the air. 

Q. Why do FLUTES, 4*^., produce musical 
sounds? 

A. Because the breath of the per- 
' former causes the air in the Jlute to vi- 
brate ; and this vibration sets in motion 
the sound-waves of the air. 

Q. Why do piano-fortes produce musical 
sounds ? 

A. Because each key of the piano 
(being struck with the finger) lifts up a 
little hammer which knocks against a 
^ring ; and the vibration thus produced 
sets in motion the sound-waves of the air. 

Q. Why are some 7U)Us bass, tmd soms trs* 

BLE 1 

A. Because sbw vibrations produce 
baas or deep sounds ; but quick vibrations 
.produce shrill or treble ones. 
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Q. Wkf is an i-nstrvmaU flat when ike 
0TBIN6S a/re unbt&vno % 

A. Because the vibrations are too 
slow; in consequence of wiiich, the 
sounds produced are not shriU or sharp 
enough. 

Q. Why can persons^ living a mile or two front 
a tovm, HEAR the bells of the town churches some- 
TiXBS and not at others ? 

A. Because fogs, rain, and snow, 
obstruct the passage of sound ; but when 
the air is cold and dear, sound is propa- 
gated more easily. 

Q. Why can we not hea^ sounds (as those of 
distanJt church bells) in raint weather so well as m 
PINE weather? 

A. Because the falling rain interferes 
with the undulations of the soundrwaves^ 
and breaks them up. 

Q. Why can we not hear sounds {as those of 
distant church bells) in snowt weather so well as m 
FINE weather f 

A. Because the falling snow inter-^ 
feres with the undulcUions of the soundr- 
loavesj and stops their progress. 

Q. Why can toe hear distant clocks most dis- 
tincUy in clear gold weather ? 

A. Because the air is of more uniform 
density, and there are fewer currents of 
air of unequal temperature to interrupt 
the sound-waves. 
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Besides, dense air cao propagate flound-wayes nij^re 
'^©aclily than rarer air. 

Q. Why can persons {near the poles) hear the 
Voices of men in conversaiwn for a mile distanJt in 
wnter-iime ? 

A. Because the air is very ocM^ dear^ 
and still; in consequence of which, there 
are but few currents of air of unequal 
temperature to interrupt the sound* 
"Waves. 

Captain Boss heard the voices of his men in conversa- 
tion a mile and a half from the spot where they stood. 

Q. Why are not sounds (stich as those of dis- 
tant church bells) heard so distinctly on a hot day 
as in FROST7 weather ? 

A. 1st — ^Because the density of the 
air is kss uniform in very hot weather : 

2dly — It is more rarefied; and, conse- 
quently, a worse conductor of sound : and 

3dly — It is more liable to accidental 
currents, which impede the progress of 
sound. 

Q. Why can we not hear sounds (mch as 
those of distant clocks) so distinctly in a thick mist 
or HAZE as in a clear night f 

A. Because the air is not of uniform 
density when it is laden vnih mist ; in 
consequence of which, the sound-waves 
are obstructed in their progress. 

Q. Why d§ we hear sounds better by night 
than by dat 1 

A. Istr— Because night air is of more 
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umform tknsUy and less fiable to acci- 
^dental currents : and 

2dly — ^Night is more stiU from the 
suspension of business and hum of men. 

Q. JVhy is the air cf more uniform densitt 
bif NIGHT than it is bt^ iiay t 

A. Because it is less liable to acci- 
dental currents ; inasmuch as the breez- 
es (created by the action of the sun's 
rays) generally cea»e during the night. 

Q. Hovo should fartit[on walls be made^ to 
PREVENT the voices in adjoining rooms from being' 

HEARD? 

A. The space between the laths 
should be filled with shavings or saio^ 
dust; and then no sound would ever 
pass from one room to another. 

Q. Why would SHAVINGS, or saw-dust^ prh- 
VENT the transmission of sound from room to room ? 

A. Because there would be several 
different media for the sound to pass 
through: 1st— ^the air; 2dly — ^the laths 
and paper ; 3dly — the saw-dust or sha- 
vings; 4thly — ^lath and paper again; 
Sthly — the air again : And every change 
of medium diminishes the strength a/* Me 
sound-waves. 

Q. Why cam, bba]? feopU iua/r through an 

EAR-TRUMPET ? 

A. Because the ear-trumpet restrains 
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the spread of the voice and limits the (2m* 
metei^ of the aound-ioaves : in consequence 
of which, their strength is increased. 
Q. Whp are mountains noiseless and qwiel ? 

A. Because the air of mountains is 
very rarefied; and, as the air becomes 
rarefied, sound becomes less intense. 

Q. How do yofib know that the raritt of air 
DIMINISHES the intensity of sound ? 

A. If a bell be rung in the receiver 
of an air-pump, the sound becomes 
fainter and fainter as the air is exhaust- 
ed ; till at last it is almost inaudible, 

Q. What is the cause of echo ? 

A. Whenever a sound-wave strikes 
against any ohstade (such as a wall or 
hill), it is reflected (or thrown back) ; and 
this reflected souna is called an echo. 

The same laws govern echo as light. {See p. 888.) 
Q. What places a/re most famous for echo ? 

A. Caverns, grottoes, and ruined ab- 
beys ; the areas of halls ; the windings 
of long passages ; the aisles of catliedral 
churches ; mountains and icebergs. 

Q. Why cure caverns, grottoes, and ruins, fa- 

VOV^for ECHOSSt 

A. 1st — Because the sound-waves 
cannot pass beyond the cavern or grotto, 
and, therefore, muMfiow back : and 

2dly — ^Tbe reimnrvmxi (being enttto- 
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gled by the cavern) are detained for a 
, short time, and come deliheratdy to the 
ear. 

Q. Why are halls, winding passages^ and ca- 
thedral aisles, famous /?r echoes? 

A. Because the sound-waves cannot 
flow freely forward; but perpetually 
strike ag-ainst the winding walls, and 
are beaten hack, 

Q. Why art mountains wnd icdwrgs famous 

for ECHOES ? 

A. Because they present a harrier to 
the sound-waves, lohich they canrvat passy 
and are sufficiently elastic to throw them 
hack. 

Q: Why do not the walls of a room or church 
produce echo ? 

A. Because sound travels with such 
vekcUy that the echo is hlended with the 
originai sound; and the ,two produce 
but one impression on the ear. 

Sonnd trayels 18 miles in a minnte; and no echo is 
heard, unless the snrfkoe (against which the sound strikes) 
is 66 feet from the place whence the sound originally pro- 
ceeded. 

Q. Why do very large buildings {as cathc' 
drals) often reverberate the voice of the speaker f 

A. Because the walls are so far off 
from the speaker that tlie echo does not 
get hack in time to blend with the origi- 
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lial sound ; and, therefore, each is heard 
separately. 

Q. Why do SOME echoes repeal only one syUor 
hie? 

A. Because the echoing- body is very 
7imr\ The further the echoing* body is 
off, the more sound it will reflect: If, 
therefore, it be very near, it will repeat 
but one syllable. 

Q. Why does an echo sometimes repeat two 
or more syllables ? 

A. Because the echoing* body is far 
off; and, therefore, there is time for one 
reflection to pa^s away before another 
reaches the ear, 

N. B. All the syllables must be uttered, before the echo 
of the first syllable reaches the ear — If, therefore, a per- 
son repeats 7 syllables in 2 seconds of time, and hears 
them all echoed, the reflecting object is 1142 feet distant; 
(because sound travels 1142 feet in a second, and the 
words take one second to go to the reflecting object, and 
one second to return.) 

Q. Why are two or more echoes sometimes 
h^ard ? 

A. Because separate reverberating* 
surfaces receive the sound and reflect 
it in succession. 

17 miles above Glasgow (Scotland) near a mansion called' 
Rosneath, is a very remarkable echo. If a trumpeter 
plays a tune and stops, the echo will begin the same tune 
and repeat it all accurately i-ras soon as this echo has • 
ceased, ariother will echo the same tune in a lower tone; 
and after the second echo has ceased, a third will succeed' 
with equal fidelity, though in a much feebler tone. 
17 
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At the Lake of Kilkarney in Ireland, there is an echo 
which plays an excellent "5e<;<m^" to any simple tane 
played on a bagle. 

, Q. Why do windows rattle when cakts 
pass by a house f 

A. 1st — Because glass is sonorous; 
and the air communicates its vibrations 
to the glass, which echoes the same 
sound : and 

2dly - The ynndow-frame being shor 
ken, contributes to the noise. 

Window frames are shaken, 1. — By sound-waves im- 
pinging against them ; 2. — By a vibratory motion com- 
mnnicated to them by the walls of the house. 
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^ CHAPTER XXXI. 

Q. Why do the bubbles in a cup of tea ra?ige 
Toimd the sides of the cup ? 

A. Because the cup attracts them. 

Q. Why do all the little bubbles tend 
towa/rds the large oms ? 

A. Because the large bubbles (beings 
the superior masses) attract them. 

Q. Why do the bubbles of a cup op tea 
follow a tea-spoon? 

A. Because the tea-spoon attra^cts 
them. 

Q. Why a/re the sides of a poTid covered with 
leaves, while the middle of the pond is qwie clea& % 
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A. Because the shore attrncts the 

leaves to itself. 

Q. Why do aU fruits^ ^., (when teveredfrom 
the tree,) fall to the earth? 

A. Because the earth attracts them. 

Q. Why do persons who water plants ^very 
often pour the wafer into the saucsr, and not over 

the PLANTS ? 

A. Because the water in the saucer 
is dravm up by the mould (through the 
hole at the bottom of the flower-pot) 
and is transferred to the stem and leaves 
of the plant by capillary attraction. 
(Seep. 75.) 

Q. Why is vegetation on the margin of a riv- 
er more luxuriant than in an open field ? 

A. Because the porous earth on the 
bank draws up water to the roots of the 
plants by capillary attraction. 

Q. Why is a lump ^ sugar (left at the bottom 
of a cup) so LONG in melting? 

A. Because (as it melts) it makes the 
tea above it heavier ; and (so long as it 
remains at the bottom) is surrounded by 
tea fully saturated with sugar ; in con- 
sequence of which, the same portions of 
liquid will hold no more su^ar in solution. 

Q. Why does the lump cf sugar melt more 
QCioKLT when stirred about? 

A. Because fresh portions of unsatUr 
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rated tea come in coDtact with the lump, 
and soon dissolve it. 

Q. Why does a piece of sugar (hdd in a 
spoon at the top of our tea) melt very rapidly? 

A. Because, as the tea becomes 
gweetened, it descends to the bottom of the 
cup by its own gravity ; and fresh por- 
tions of unsweetened tea are brought 
constantly into contact with the sugar 
till the lump is entirely dissolved. 

Q. HovD can a sick room be kept free from 
unhealthy effluvia? 

A. By sprinkling it with vinegar 
boiled with myrrh or camphor. 

Q. Why does limb destroy the offensive smells 

of BINB^ SEWERS, ^C. ? 

A. Because it decomposes the offen- 
sive gases upon which the smell depends, 
and destroys them. 

Q. Why does chloride of lime famigate a 
sick room ? 

A. Because the chlorine absorbs the 
hydrogen of the stale air ; and by this 
means removes both the offensive smell 
and the infection of. a sick room. 

Q. How can the taint of v^at be removed ? 

A. Either by washmg with pyrolig- 
NEous ACID — or by covering it for a few 
hours with common charcoal — or by 



TAINT REMOVED. 389 

puttings a few lumps of charcoal into the 

water in which it is boiled. 

Q. Why do these things destroy the taint of 
meist? 

A. Because they combine with the 
putrescent particles^ and neutralize their 
offensive taste and smell. 

Q. Why should bed-rooms, cottages, hos- 
pitals, and stables, be washed occasionally toith 

LIME WHITE? 

A. Because the lime is very caustic, 
and removes all org*anic matters adher- 
ing to the walls. 

Q. Why will strong Souchong tea poison 

FLIES ? 

A. Because it contains prussic acid, 
which destroys their nervous system. 
Q. Why is strong green tea unwholesome f 
A. Because it contains prussic acid, 
which destroys the nervous system. 

Q. Why is a DEAD.man taller than a living 
one? 

A. Because at death the cartilages 
are related. So, also, after a night's 
rest, a man is taUer than when he went 
to bed. 

Q. What is sleep ? 

A. Sleep is the rest of the brain and 
nervous system, 

Q. Why can we not see, when we me ask^ 
with owr ETES open 1 
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A. Because the " retina of the eye" 
is inactive and at rest. 

Q. Whf/ cam, we not hear in sleep f 

A. Because the nerve of hearing* 
(seated within the tympanum of the ear) 
IS at rest. 

Q. WTiy can we not taste when we are asleep f 

A. Because the nerves at the end of 
the tongue (called papillae) are inactive 
and at rest. 

Q. Why can we not peel when toe are asleep f 
A. Because the ends of the nerves 

(called papillse) situated in the skin, are 

inactive and at rest. 

Q. Why have persons in sleep no will cf their 
own^ hut may be mooed at the wiU of ant one ? 

A. Because the "cerebellum" (or 

posterior part of the brain) is inactive 

and at rest. 

Q. Why have dreamers no power of judg- 
ment or REASON % 

A. Because the "cerebrum" (or 

frord of the brain) is inactive and at rest. 

Q. Why da some persons lose aU power if 

SENSATION ? 

A. Because the " cerebrum " (or 
front of their brain) has been injured. 

Q. Why does a person feel when he i$ 

TO0CB^D ? 

A. Because the ends of certain 
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nerves (called "papilla") situated in 
the skin, are excited; and produce a ner- 
vous sensation called feeling. 

Q. JVhy a/re persoTis able to taste different 

FLAYORS? 

A. Because the "papilla" of the 
tongue and palate are excited when food 
touches them, and produce a nervous 
sensation called taste. 

Q. TVhy are old people unable to walk 7 

A. Because their muscles became 
rigid. 
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FOR THI IKOXKIOVS BSADSR TO 80LVS. 
(Th» flgoiMrafiv to ttepiflB wk«r» wnim eognate quHiM maj be fttiiML] 

1. Why doeft ainmdance of dew in the morningi indicate 
that the day will he fine? p. 189. 

2. Why does an oar in water appear bent ? p. 869. 

8. If a piece of brovm paper be submitted to the action 
of a burning-glass, it will catch fire much so(mer than a 
piece of white paper would : Why so 1 p. 176. 
' 4. Why does a blw dress appear green by carhdU- 
Jaght? p.1^. 

6. Why does the sv/n look red in 9k fog 7 p. 127. 

-6. An ink-spot on linen is first Uack: why does it after- 
wards turh yeUow 7 p. 871. 

7. Why does brushing the hair much, make the head 
iich? p.U2. 

8. Whv does a candle flicker , especially jost previous to 
its being ownU out 7 pp. 76, 79. 

9. If the '' copper " (or boiler) attached to a kitchen 
range, be filled with cold water c^ier the fire has be^n 
lighted some time, it will very often bva-st: Whyl pp, 
118, 119. 
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10. Why do all things appear block in the dark ? p. 370» 

11. Why are the fiag-sUmes of our streets frequently 
loosened ai^r defrost? p, 826. 

12. Why is a room warmer when the window curtains 
are drawn 1 pp. 164, 165. 

13. Why are rooms much warmer for being furnished 
with double doors and windows? pp. 164, 165. 

14. Why is loose clothing warmer than that which fits 
close 1 ;;. 165. 

15. Why does weiting a cornelian make it more Prans- 
parewt? p. 373. 

16. Why does painiing iron prevent it from rusting 7 
p. 232. 

17. Why is a dull fi,re renived by sweeping clean the 
hobs, bars, ash-grate '&c., of the stove 1 pp. 54, 55. 

18. Why does stirring a dull fire serve to quicken it % 
pp. 54, 55. 

19. Why does soapy water " lather*' 1 p. 324. 

20. Why is well-made bread full of holes or eyes ? p. 257: 

21 . Why do the saHs of a wind-mill turn round 1 p. 108. 

22. If you strike a finger-glass, why is the sound si- 
lenced by touching the glass with your fing^ 1 p. 378. 

28. Why does a toet sponge clean a slate ? p. 321. 

24. Why do stars ttoinkle more than usual, just previous 
to rain 7 p. 374. 

25. yfhj ^o&& milk boil over more readily than water 1 
p. 824. 

26. If a pidure be glazed you cannot see it in certain 
positions : Why not 1 p. 352. 

27. DustYery rarely fLieshy night: Why so 1^.188, 202. 

28. Why does the cork of a soda-water bottle make a 
loud report, when drawn 1 p. 102. 

29. Why does the cork of a soda-water bottle fiy off, lis 
soon as it has been released from the bond which held it 
inl jp.247. 

30. Why do our hands and lips chap in fVosty and windy 
weather ] p. 295. 

31. When a black subsoil is dug or ploughed up, it 
turns of a reddisfl brovm after a short time : Why is this 1 
pp. 233, 236. 

82. YTh J are decaying vegetables Blwa,y 8 wet? p. 2dB. 

88. If a house be faced with stnicco to resemble stone, 
why does the facii^ very often JU^ off in winter, and 
leave the house unsightly 1 y. 883. • 
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84. Why do the lustres of a chandelier seem tinted with 
such various and beautiful colors? p. 364. 

35. Hirm is transparent : why are iwt horn shavings 
transparent also 1 p. 373. 

36. When a glazier is mending a window, and cleans 
the pane with his brush, why do the loose pieces of putty 
(on the opposite side of the window-pane) dance up and 
down'? p. 142. 

37. When you rub a piece of paper with Indian-nib' 
ber, why is it sticky? p. 84. 

38. If you dry a piece of common brovm paper by the 
fire, and draw it once or twice between yom* two knees, 
why will it stick fast to the wall % p. 34. 

89. Why can persons be heard (in a calm day) at a 
greater distance on the sea than on land 1 p. 381. 

40. The height of moun^ins may be ascertained by a 
barometer : Explain the reason of this. p. 383. 

41. How does starch assist in giving a smooth glazed 
stt/rface to lin£7v? p. 373. 

42. If a drop of water be spilt on a table cloth, why will 
it spread in all directions 1 pp. 7b, 172. 

43. Why does salt preserve meat 1 p. 388. 

44. Why does melted wax become hard, when cold? 
p, 153. 

45. Why does paint often blister from heat 1 p. 334. 

46. Yfhy s,re rotHng leaves hot? |3?>. 60, 253. 

47. Why are rotting leaves damp ? p. 253. 

48. Why does bread become hard after it has been kept 
a few days 1 p. 153. 

49- TYhy are jOants white, which are kept in the dark? 
p, 372. 

50. Why does oil become thick in win^ter-time ? p. 269. 

51. Why does a pop-gun make a loud report, when the 
paper bullet is discharged fVom it 7 p. 102. 

52. Why does steam make the engine of a locomotive 
whistle? p. no. 

53. Why will bright iron lose its polish,.hj being, put 
iato Afire? p. 282, 

54. Why does sormd seem louder in caves than on a 
plain ? p. 382. 

65. Why does pairU preserve wood ? 

56. Why does mother of pearl show so many colors ? 
pp. 364, 370. 

57. Why can you fill a dry glass beyond the level of the 
brim? iw. 386, 387. 

17* 
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58. If yon leave a little tea in yonr cnp, and pnt your 
spoon in, why does the tea rusk to the spoon ? p. 886. 

69. When liquor is ponred from a bottle, why does it 
gurgle? p. 266. 

60. Why will lucifer matches ignite by merely drawing 
them across any rough surfkce ? pp. 98, 221. 

61. Why will they not ignite, if they are damp ? p. 49. 

62. When onr likeness is reflected in a looking-glaas, 
the entire imaf e is reversed^ onr right cheek is the left 
cheek of the reflection, if we lift onr right arm, the reflec- 
tion moves the left arm, and vice versa. Why is thisi 
p.U6, 

63. A silver tea-spoon becomes more heated by hot tea, 
than one of inferior metal (as German silver. Nickel, Ac) 
Why? j?. 156. 

64. If you scrape a slip of paper with a knifb, why wUI 
the paper curll 

66. Why does the stoppk of a decanter stick fast, if it 
be put in damp 1 

66. Why does the stopple of a smeUing-bottle often stick 
fast? 

67. Decaying vegetables are first of a brownish tint : 
why do they afterwards turn of a deep Hack ? 

68. Why is an oak struck by lightning more fireqnentfy 
than any other tree 1 

69. Why does a lobster, which is black while alive, turn 
red by being boiled ? 

70. Why does a shrimp, which is nearly white while 
alive, turn red by being boiled? 

71. Why is the shadow of the moon stronger than the 
shadow of the sun 1 

72. Why does hartshorn take out the red spot iq cloth, 
pTodvLced "by sulphuric or Buy other acid? , 

73. Why will powdered sulphur quench fire more rapidly | 
than water 1 

' 74. How does starch serve to stiffen linen 1 ' 

75. Why should lightning-conductors be pointed? ' 

76. Why do bricks turn green, after they have been I 
exposed to the weather 1 i 

77. When potatoes are boiled, why are those at the top 

of the boiler cooked sooner ^ than those nearer to the fire 1 ' 

78. If a silver spoon, which has been tarnished by an 
eggf be rubbed with a little salt, why will the tarnish dis- 
appear 1 

79. Why are books disoolored by age or damp 1 
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80. Why does sour wM curdle ? 

SI. Why does chiuming milk convert it into butter 7 

82. Why does the mn or fire warp wood 7 

83. Why does the sun fade artificial colors 7 

84. When a knife is sharpened on a grindstone^ why is 
ifil or water used 1 

86. Why does bread become mouldy ^ after it has been 
kept a few days ? 

86. Why does meal putrefy sooner in hot damp weather 
than in cold 1 

87. Birds, after they are killed, keep longer in their 
feathers than when they are plucked : Why is this 1 

88. Why do plants^ which are kept in a window, bend 
to the glass 7 

89. Why does India'n-rubber erase pencil marks from 
paper 1 

90. Why does waler rot wood 7 

91. Why does water make a hissing noise when it is 
poured on fire 7 

92. Why will hot iron bend more easily than cold 7 

93. Why does iron turn first red^ and then whUe^ from 
heal7 

94. Why does hot -woXer freeze more quickly than cold 1 

95. Why does water freeze more quickly than milk 7 

96. Why are glue, gum, starch, and paste adhesive 1 

97. Why does a rau-way train make more noise when 
it passes over a bridge or meadow, than when it runs over 
sdid ground 7 

98. Why does milk boil more quickly than water 1 

99. Why will milk bum more readilyi than water *? 

100. Why is it impossible to write on greasy paper % 

101. Why does rain " bring dovm the cold7" 

102. Why does turpenline take out grease spots from 
cloth 1 

103. Why does ooMilic acid take out ink spots 1 

104. Why does waxing cotton or thread make it 
stronger 7 

105. Why is a stick m&de flexible by boiling it 7 

106. Why does mawwe make land fertile 7 

«*4t A key to these questions may be had of the Pub* 
Ushers. 
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AcetU Acid. called 

CUrlc 

Nitric " 

Oxalic " «* 

Sulphuric " " 

SiUph. of Alumina " 

Iron " 

Copper ** 

" Magnesia " 

Nitrate of Potash " 

iSat?«r " 

Prussiate of Potash " 

Tartrate of Pota^ " 

Acetate of Copper " 

MuriaU of Soda " 

Oxide of Lead " 

Car^. 0/ Ammonia " 

S<fp. Acetate of Lead " 



Distilled Vmeg;ar. 
Juice of Lemons. 
Aqua Fortia. 
Salt of Lemons. 
OU of Vitriol. 
Alnm. 

Plaster of Paris. 
Green Copperas. 
Blue Vitriol. 
Epsom Salts. 
Glauber Salts. 
White Vitriol. 
Saltpetre. 
Lunar Caustic. 
Prussian Blue. 
Bochelle Salt. 
Verdigris. 
Table Salt. 
Goulard. 
Smelling Salts. 
Chalk, Marble, &c. 
Sugar of Lead. 



Sublimates are chemical preparations, the basis of 
which is quicksilver. Iji corrosive sublimates, the 
quicksilver is extinguished either by vitriol, potter's day, 
or some other ingredient. 

Sublimation is a similar process to distillation; only 
solids (such as metals) are employed, instead of liqtvids. 

Thus the fine blue used by painters is a sublimate, and 
made thus :— Take 2 parts of quicksilver, 8 flower of brim- 
stone, 8 sal ammoniac; and (having ground them) put 
them with the quicksilver into a glass retort, luted at the 
bottom: place the retort ui a sand-heat; and (when the 
moisture is given oflf) you will have a splendid blue sub- 
limate for painting. 

N. B. It may be profitable to remind the pupil that 
when the termination '' ous " is used, it implies that the 
substance has less oxygen than when the termination " ic" 
is added— thus, sulphurous acid contains less oxygen than . 
sulphuric acid, &c. 
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Page 
Absorbers, 173 

not conductors 173 
not reflectors. 179 

radiators 182 

Absorption of heat . . 173 
not conduction 173 

©flight 339 

Accidental colors .. 875 
Acetate of copper .... 396 

Acetic acid 396 

Acid of drinks 248 

of fermentation . . 248 
Acids dissolve ice ... . 82 
Activity affected by 

cold 90 

" by heat 92 

Aerated water 247 

Aeronauts feel pain 138, 229 
Age affects power of 

walking 391 

Aged people far-sighted 

361, 363 

Air 219,268 

always in motion .. 270 
ascends when hot . . 268 
bad conductor 15, 166, 217 

bad radiator 202 

cold 166 

colder than blood . . 169 
composed of two 

gases 30, 219 

condensed by cold . . 269 
cooled by convection 202 

cooled by rain 160 

cools hot iron 227 

density diminished by 

rain 315 

descends when cold 269 
double current in a 
room 270 



Air dries linen 161 

elements of 219 

expanded by heat 102, 268 

ftill of smells 148 

gets fire up 54 

healthful 242 

heated.... 202,226,270 
not by the sun 181, 226 
hotter when the sun 

shines 227 

in a room 270 

inflammable, see hy- 
drogen. 

needful for fire 63 

non-conductor 19 

of cities unhealthy 

223,242 
of the country heal- 
thy 223,242 

on land colder than 

on water 207 

on land cold at night 211 
preserved nomiAl . . . 224 
purified by lightning 32 
radiates no heat .... 202 
rarefied is noiseless. 139 
rarefied, bad conduc- 
tor of sound. 888 
" by a crowd.. 239 

rusts iron 281 

still before a tempest 139 
use of oxygen in ... . 220 
varies in tempera- 
ture 318 

Air-gun 101 

Air-pump freezes water 885 

Aisles famous for echoes 884 

colder than galleries 229 

Alcohol 249 

from sugar ........ 260 
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Alcohol, boiling point of 115 

Alb 107 

botded 248 

froth of 248 

** increased by heat 

107,218 

AlkaU 60 

Ammonia 254 

Anemometer 294 

Anglers hate a magpie 145 

Angle of incidence. ••• 344 

of reflection.... 844 

Anhydrons sugar 250 

Animal flnids conduc- 
tors 20 

Animal Heat 83,258 

caused by com- 
bustion 85 

Animal and vegetable 

life dependent 225 

Animals for bode rain.. 141 
Ants love honey-dew . . 204 
Appetite, see hunger. 

Apples full of air 104 

roasted 103 

soft 104 

April showers 288 

Aqua-fortis 396 

Argand lamps 82 

Ascent in balloons pain- 

ftil 188 

Ashes soften water.... 322 
Asses bray in wet wea- 
ther 141 

Atmosphere (see air) . . 284 

Aurora borealis 136 

colored 136 

white ....;... 136 
a prognostic . . 136 

Autumn tints 372 

Avenues 353 

Azote, see nitrogen. 

Bales catch fire spon- 
taneously 60 



BallooDS iSb 

inflated 107 

rise (see aenma^mis.^ 107 

Ballsoffire I 14 

Balusters wet 200 

Banisters, see balusters. 

Barley malted 251 

Barometer 296 

affected by cold .. 300 

frost.. 299 

" heat.. 302 

« thaw.. 300 

wind.. 299 

rules for its rise 

and fall.. 299, 306 
sudden change in 902 

use of 298 

varies most in win- 
ter 908 

** least in smnmer 306 
when highest. . . 806 
" lowest ... 807 
Barren land collects no 

dew 194 

Bass notes in music . . 879 
Bass preserves flowers 

fromfrost 191 

Bathing, danger of ... . 859 
" with ether for in- 
flammation 148 

Beakers broken by hot 

water 120 

Beasts covered with hair 166 

Beds damp 149 

Beer, fermentation of 249 

flat 255 

froth increased by 

bottling 248 

froth increased by 

heat 107, 248 

stale 265 

soured by lightning 32 
not old beer .... 82 
spoiled, if the vent- 
peg be left out 266 
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Beer, yeast added to 

make it work 251 

{see verU peg.) 

Beer-vats dangerous . . 245 

Bells heard at a distance 880 

cracked, sound harsh 378 

ring:ing dangerous . . 23 

silenc^ by a touch 378 

BeU-metal 878 

Bellows 55 

Bible explamed.. 164, 195 
811 
Birds covered with fea- 
thers 165 

Bins purijled by lime 269 

Black 871 

cloth warm 174 

eyes 179 

glass for spectacles 876 
hat turns red at the 

sea-side 321 

hole of Calcutta.. 240 

Black kid gloves 176 

lead 232 

prevents rust .. 232 

mist 187 

skin 178 

tea-pot 184 

used by cotters 184 
set on a hob to 

draw 184 

will never blister.. 178 
Blacksmiths strike fire 

by nails 96 

Bladders Inflated by 

heat 102,269 

Blaze, blue 50 

green ' 60 

yellow 50 

between the bars 
of a grate.... 50 
Blazine coals bum 

quickly 44 

Blood 222,288 

pmrple.^ •... 222 



Blood, red 222, l23 

Blowers 70 

Blowing cools broth, tea, 

dwj 168,293 

Blue 392 

sky 126 

spectacles 375 

sublimate 396 

Body, fuel of 86 

warm 84,258 

Boiler, see satLcepan. 

Boiling 213 

** WATER bubbles.. Ill 

ftirrof 236 

makes it flat . . 257 
is in a ferment 214 

kepthot 187 

rattles 112 

rims over Ill 

swells 110 

one pot will not boil 

in another 118 

retarded by a spoon 118 
" by salt, sugar 114 
without touching 

the boiler 114 

Boiling point 115 

Boots hot when dusty 181 

Bottled ale, &c 248 

Brackish water unfit for 
railway engines .... 237 

Braclnff weather 140 

Bread heavy 258 

made with yeast 257 

Breath exhaled 223 

mhaled 221 

visible in winter 200 
Breathing described . . 224 
diflftcult on a moun- 
tain 229 

previous to a storm 229 
Breeze at watering 

♦ places 291 

evening 290 

land 291 
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Bieese, momin^ ^S 

of islands 291 

sea 290,291 

speed of 293 

{see mrui.) 
Bricks for cold feet ... 162 

Brick stoves 163 

Bricklayers cannot work 

in a frost — 834 
cover work with 

straw 834 

Bright day exhilarating 137 

Brilliancy 839 

Brine retards boiling . . 114 

tested 336 

Britain cloudy 123 

Broth cooled by breath 227 
by convection 228 
by stirring . . 228 

Bnbblesmtea 386 

of boiling water 111 

Bulk for bulk 107 

Bums cured 148 

Buint stick twisted . . 374 
Burning glasses 10 

Calcutta, black hole of 240 

Calcareous 225 

Caloric 9 

Cambric handkerchief^ 

cool 172 

Camphor antiseptic . . . 388 

Candles 74 

bum 74 

cotton, not easily 

blown out 78 

easily blown out 65,^77 

extinguished 79 

by a pin 81 

breath 77 

paper 79 

flame blown out . . 56 

hot *.. 76 

hollow 76 

pohited 77 



Candle-flame purple be- 
low 76 

tends upwards 77 

yellow 75 

Candles, gas of.... 84,262 
held at a door 270, 271 
hottest above the 

flame 78 

give light 76 

make glass damp 78 

need snuffing 80 

Palmer's 80 

prevent our seeing 

abroad 352 

reflected in a win- 
dow 352 

rekindle quickly . . 65 
rash, easily go out 78 
shadow cast by . . 362 

smoke of 81 

spirt 146 

suddenly introduced 

give pain 839 

wax, need no snuf- 
fing 80 

Candlestick rags catch 
fire spontaneously.. 61 

Cannon baUs hot 101 

boring lOO 

Canvass flower-awning 191 

Capillary attraction 75, 172 

387 

vessels 83 

Captain Ross 881 

Capuchin 317 

Carbon 40,74 

in the blood ... . 288 

Carbonate of ammonia 396 

of lime .... 396 

Carbonic acid gas 48, 238 

absorbed by leaves 226 

accumulation of, 

prevented 246 

deleterious 288 

detected 289 
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Pace 
Carbonic acid gas dis- 
sipated by red heat 246 
in human bodies . . 84 

ofthesoil 225 

sources of 246 

CaRBORETTED HyDROOfiN 

GAS 263 

Carpenters' tools hot.. 99 

Carpets warm 167 

Carriage in a storm . . 26 
wheels catch fire 98 
windows misty. 197 

Casks charred 72 

Cart-grease 98 

Cathedral aisles famous 

for echoes 384 

Cats in wet weather . . 140 
prowl by night . . . 342 
rub their ears .... 142 
see in the dark . . . 841 
wink before a fire 342 
Cattle low in wet wea- 
ther 140 

in a storm 26 

Caustic lime 389 

lunar 896 

Cayems famed for ech- 
oes 883 

Ceilings sooty 71 

Cellars cold in summer 231 
warm in winter 231 

Cerebellum 890 

Cerebrum 890 

Chalk 396 

Champagne acid 248 

Charcoal 72 

bad conductor .... 166 

fire very hot ,72 

" deleterious 246 

{>arifies water — 72 
removes taint .... 72 

Charring bread 73 

casks 72 

wood 78 1 



Chemical jlction . . • • • 81 
Chestnuts crack when 

roasted 102 

not if slit 106 

Chimney pots 70 

flues long.... 64 

"short 64 

raised above a 
house... 64,68 

COIMNETS 8MOKB 68 

if a room be too 

close 68 

remedy 64 

in old fiirm houses 69 

valleys 67 

in wind .... 70,106 
if too long.. 64,108 
Chimneys smoke if too 

short 64 

remedy 66 

large 69 

remedy 70 

when the draught 

isslack 65,69 

when the door is on 
the same side . . 68 

remedy 68 

when they need re- 
pairing 69 

sweeping 69 

when two fires are 
in one room .... 67 

remedy , 67 

China broken by hot 

water 120 

Chlorophyll 872 

Choke damp 244, 261 

Church bells heard at a 

distance 189, 880 
congregation drowsy 241 
Churchyards smell ofie^n- 

Bively 266 

Chyle 221 

Ohyma 221 
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Oinden, inm 48 

lighter than coftls 48 

soonheated 48 

will not blaze.... 62 
Cirro-cumulus clouds 180 
Cirro-stratus clouds . . . 180 

Cirrus clouds 128 

Citizens pale 222 

Citricadd 896 

City air unhealthy .... 242 
Clay for furnaces .... 168 

Clean ketties 174 

Cleanliness connected 

with the dietary 93 

poverty 98 

Clear di^ overcast.... 285 
Are bums slowly . . 44 
nights exhilarat- 

mg 187 

Clocks heard at a dis- 
tance 380 

Close rooms unhealthy 240 
Cloth collects but little 

dew 143 

dotiies gather damp in 

summer 196 

wet 148 

Clothing fbr workmen 154 
looSe, warmest ... . 166 
promotes warmth 164 
want of makes dirt 

agreeable 93 

Cloudiest countries . . . 123 

Clouds 122 

absorbed by wind 125 

cause of 122 

cirro-cumulus .... 180 

cirro-stratus 180 

classes of 128 

colorof 124,126 

compound 180 

cumulo-stratus . . . 181 

cumulus 129 

differ from fog 122, 209 
dissipated... 125,188 



Clouds, diBtaace fix>m 

the earth 123 

edges most lumi- 
nous 869 

electrical 125 

&11 in rainy wea- 
ther 316 

fantastic 131 

float 128 

gather round hills 132 

height of 12,124 

highest 124 

highest in a fine day 115 
increased by wind 166 

intenaediate 130 

light 115 

lowest 124 

morning red 127 

motion of 127 

nimbus 131 

rain indicated by . 131 

red 126,869 

round mountain- 
tops 132 

simple 128 

size of 124 

stratus 129 

sun-set 133 

thickness of 124 

how ascertained 124 

thunder 15 

vary in shape.... 124 

in color 127 

where most abund- 
ant 128 

where least 123 

use of 182 

Telocity of 294 

wind aflEbcts them 

128,125 

yeflow 183, 184 

indicate wet. . . . ^ 184 

Cloudy night warm ... 189 

oppressive ... 187 

Coalgas 74,282 
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Coal mines explode. . . 262 

Coals black 371 

blazing 44 

grotesque figures of 46 

for fuel 48 

smoke 45 

Coffee, spontaneous 
oombustion of . . . . 61 

Coke 69 

. for fuel 48 

spontaneous com- 
bustion of 60 

Cold Weather affects 
the barometer 

299,306 
makes us love fat 89 

activtty 90 

out of doors 293 

promotes hunger . 90 
Colder some things than 

others 166 

Colds from wet clothes 149 

Collapsing 104,269 

Color of clouds 123 

electricity ... 35 

Colors 364 

accidental 376 

dark, warm .... 176 

light, cold 175 

vary 370 

Combining not mixing 31 
Combustion (.«« /re).. 83 

animal 84 

cause of 43 

chemistry of . . . 40, 43 
from fermentation 60 

elements of 43 

heat of : . . 40 

increased by wind 66 

in the veins 84 

produces light — 61 
spontaneous ... 60, 84 
Communication op hbat 

165 
Oompoond clouds .... 130 



Compression 1(|S 

differs from con- 
densation 99 

Condensation 99 

Condensed air 269 

Conduction 66 

not absorption.. 178 
Conductors, best .... 66 

worst 66 

animal fiuids... 20 
not absorbers .. 17^ 
of lightning .... 27 

dangerous 29 

Conyjbction 202, 218 

Convective currents ^, 270 

cool broth 228 

iron 227 

Cooking vessels with 

wooden handles .... 166 
Cooper applies hot 

hoops 117 

Copper for conductors 28 

sonorous 378 

tarnishes 238 

Cork driven out by heat 106 

Cornea 360 

Corns ache in wet wea- 
ther 230 

Corpse cold 94 

Corrosive sublimates . . 896. 

Cotton bales catch fire 60 

spontaneously. 60 

candles hard to 

blow out .... 78 

handkerchiefs hot 172 

oiled transparent . 373 

Countries most cloudy 123 

least cloudy 123 

Country air salubrious 

223, 242 
Countrymen eiyoy 

health 242 

ruddy 222 

Cowla 67,108 
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Crowds dangeroiu in a 

storm 24 

produce drowsiness 242 
head-ache . 239 

Yitiateair 239 

unhealthy 240 

Cmcibles made of pla- 

tmum 236 

Culinary vessels 186 

have wooden handles 156 
should be sooty .... 186 
Cultivation promotes 

dew 194 

warmth ... 162 
Cumulo-stratus clouds 131 

Cumulus clouds 129 

Cup in a pie 116 

use of 117 

why ftiU of juice 117 
Currents of air 270 

Damp balusters 200 

beds 149 

clothes 195 

house 200 

Dandelion forebodes 

rain 142 

Danger in a storm ... 18 
in attics and cellars 22 

a crowd 25 

in a theatre, &c. . . 25 

before a fire 25 

near a tree 19 

in a river 19 

flocks and herds are 

exposed to 25 

those who bar 

shutters 24 

ttiose who drive 

fast 21 

lean against a 

waU 23 

or carriage. 26 

who ring bells 19, 23 

rail 21 



Dark colors warm .... 175 
radiate heat .. 18S 

Davy, Sir H 26S 

Day - light produces 

hunger .... 88 
mitigates cold 88 

Dead bodies cold 94 

smell 266 

taller than living 389 

Deafhess 382 

Decanting liquor 256 

spirting.. 266 

Deo(Mnposition 246 

Deep water freezes 

slowly 331 

Depression of spirits . . 137 
Descent in a diving bell 

painM 138 

Deserts hot and dazzling 374 
Detonating powder . . . 101 

Dew 188 

cause of 209 

deleterious 203 

differs from rain.. 209 
distilled after a hot 

day 202 

especially if the 

wind be westerly 202 

in fine nights only 189 

distilled unequally 192 

in open places. . . . 190 

in valleys and hollows 191 

on clothes 195 

cultivated lands.. 194 

grass 194 

hair 201 

hat 201 

leaves, &c 198 

none beneath a tree. 190 
a flower awnine 191 
a hedge or waU 191 
none in a cloudy mght 189 
in a windy night 191 
especiaUy if 
easterly .... M, 
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Dew, none on stones, 191 
cloth, deserts, grav- 
el, metal, rocks, 

wool 194 

Dew-drops ronnd 205 

flattened 205 

roll OQ cabbages 205 
" roses... 206 

Digestion 90 

Dinner covers 187 

Dirt warm 98 

Distant bells heard ... . 880 

clocks 881 

objects appear small 854 

sight 861,863 

, spectacles for 862 

Distance makes things 

invisible 357 

Distilled vinegar 896 

Divers suffer pain 138, 280 

Diving bell 138 

Doors swell and shrink 148 
Dogs uneasy in wet 

weather 140 

Dough fermented 267 

set before a fire to rise 258 

Double concave glasses 861 

convex glasses .... 862 

Down warm 166 

Draining lands promote 

warmth 161 

Draught at a door .... 294 

key-hole. 294 

window . . 294 

Black. .1... 65,23 

Dreams 390 

Driving in a storm 

dangerous 21 

Drops of rain roll on 

dust 206 

Drowned men restored 99 
Drowsiness at church . . 242 

Drums 879 

Dry toast for invalids. 78 
wood ibr kindling 49 



Dry wood bums best . . loi 

snaps about.. 106 

Driest months ........ 807 

Dublin, rain of 817 

Duck dry in water. . . . 206 
noisy before rain 141 

Dullness 339,871 

Dunghills hot 258 

Dusty shoes hot 181 

Ear trumpets 882 

Earth, bad conductor. 170 
cool in summer. . . 170 
cools after sun-set 189 
in a fine night 189 
cracks by frost ... 882 
erumbles in spring 838 
warm in winter. . . 170 
warmer than air 

by day 189 

Earth-fog 204 

Earthen tea-pots 184 

set on a hob to draw 184 
Eat more in cold wea- 
ther 90 

less in warm wea- 
ther 90 

Echo 88$ 

Echoes, two or more . . 385 
remarkable . . 385 

Eppects op heat 101 

Epfervesgence 247 

soon subsides 257 

Effervescing draughts. 247 

£gg) component parts of 254 

discolors silver spoons 254 

new-laid, cold 167 

stale, warm 167 

" smells offensively 254 

tests brine 335 

tested 167 

Egypt not cloudy 128 

Electricity affects the 

clouds .... 125,127 
excited by friction 84 
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Electricity fislt ftt the 

elbow joints.... 34 

hot 84 

odor of 86 

of clouds 11,127 

positive and nega- 
tive 22 

resinous and vitre- 
ous 11,28 

source of heat .... 11 

Electric telegraph 86 

Elements of air 40 

of fuel 40 

Emetic tartar 396 

Epsom salts 396 

Esquimaux love blubber 91 
Equatorial current. . . . 278 

Ether 51 

boiling point of . . 116 
used for ^ezing.. 335 
" inflammation, 
scalds, bums. 148 

vaporized 148 

European skin white. . 178 

Evaporation 147 

freezes .... 335 

of sea 276 

Evening clouds. . .126, 133 

grey 135 

red 126, 133, 370 
yellow . 133, 234 
Evergreens frost-bitten 212 
Ewers broken by frost. 325 
Expansion by HEAT 101, 117 
Explosion of roasted 

chestnuts .... 102 
of gunpowder .. 103 

of mines 263 

Extinguishers 79 

made of paper 79 
Eyes adapt themselves 

to light 340 

aflfected by blue 

glasses 875 

affected by fire-light 374 



Eyes affected by sud- 
den light 839 

affected by the sun 375 

black 179 

cornea of 360 

retina of 360 

two, use of 843 

" see single ... . 843 

Face soon scorched . . . 182 

Fanning 167, 293 

Farsight 861, 363 

spectacles for . . 862 

Farm-houses smoke . . 69 

Fat men swim best . . . 337 

Fat pleasant in winter 89 

not in summer 91 

Feathers warm 166 

Feeling 391 

Feet cold before a fii:e. 57 
wet dangerous .... 148 

Fermentation 249 

differs firom pu- 
trefaction 252 

of dough 257 

produces com- 
bustion 60 

requires water.. 156 
Fender and fire-irons 

cold 173 

Fiddle-strings musical 878 

snap from wet 816 

Fine weather braces . . 140 

indications of 184 

Finger feels cold when 

wet 148 

Fire 89 

air needful for — 63 
bellows, use of . . . 65 
black and red .... 44 

blazes 44 

not in frost .... 52 

bums blue 141 

causeof 48 

charcoal 72 
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Pace 
Pire, charcoal danger- 
ous 245 

clear 44, 53 

damp 261 

differs from animal 

heat 86 

dull, cause of ... . 65 
effect upon the 

eyes 841, 374 

extinguished .... 57 
by water 57, 106 
fiercest in winter . 53 
out of doors . . 54 
gas generated by 84 
grotesque figures 

in 46 

heat of 258 

how increased 53, 63 

hot 44 

kindled at the bot- 
tom 47 

lighted with paper 

and wood 46 

light dazzles 340 

light variable .... 52 

luminous 50 

melts metal 121 

mottled 45 

out of doors 45 

poker draws up .. 56 

radiates heat 182 

red hot 44, 880 

reflected on win- 
dows 352 

spotted....*. 45 

sun dulls it 53 

thaw dulls it 55 

wind intenses it . . 55 
See combusHon, 
Fire-irons cold .... 161, 174 

hot 174 

rust 281 

*' most in win- 
ter 282 

" prevented . 282 



Fishes ascend and dive ^8 
seem nearer than 

they are 859 

cold 98 

Flame of a candle ... 75 

described 76 

blown out easily . . 77 

damp 78 

hollow 76 

hot 75 

hottest above .... 78 

luminous 75 

pointed * 77 

purple and yellow 76 

smokes 81 

Flame of a fire between 

the bars of a grate 50 

blue 50 

green 50 

Flame yellow 50 

Flannel warm 98 

used for foot- warm- 
ers 93 

Flash, see lightning. 

Flat beer, &c •. . . 255 

iron 147 

Flavor discerned by the 

taste 891 

Flax bums spontane- 
ously 60 

Flint and steel strike 

fire 96 

Flocks dangerous in 

storms 26 

Flowing water freezes 

slowly 829 

makes rough ice . . 880 

oscillates 824 

pure 824 

Flower awnings arrest 

dew 190 

purity air 232 

Flowers smell sweetest 
at night, and 
befbrerain 144 
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Flowers forebode nan 142 

Flues 64 

blacked 183 

long, good for 

draught 66 

short, bad " 65 
See chimMey. 

Flutes.... 379 

Fly poison 889 

Foam, white 871 

Fogs 208 

arrest sound 881 

cause of 123 

differ from cloud 

122,209 

mist 209 

dispersed by wind 210 
dispersed by sun 209 

frozen 212 

in autumn 209 

increase distance . 141 

in marshes 208 

in valleys 210 

magnify 141 

none in a frosty night 209 
Food converted to blood 221 
cooled by the 

breath... 293 

Food, want of, produces 

hunger 89 

want of, produces 

laziness 89 

aversion to clean- 
liness 93 

" to ventilation 93 
Foot-prints frozen .... 325 

Foot warmers 162 

Forked lightning 12 

Forests catch fire spon- 
taneously .... 99 

cold 152 

France warmer than of 

yore 168 

Frebzino mixtures. . . 385 
Friction {see rubbing) 97 



Friction excites electn- 

cily 34 

sets forests on fire 99 

Frogs cold 94 

croak before rain 141 

Frost affects barome- 
ter 299 

" sound . . 380 

braces 140 

breaks ewers 325 

" tiles, stones, rock 325 

"pipes 327 

cracks earth 332 

" mortar 333 

expands water ... . 325 

on windows 220 

prevents fog 209 

stops work 334 

warmer than thaw 382 

Froth of beer.... 107,248 
of fermentation . . 255 
white 372 

Frozen water warm . . 830 
ruts and foot-prints 826 

Fruits cool the blood . . 92 
fall to the earth .. 387 
pleasant in summer 91 

Fuel, dry bums well . . 49 

elements of 40 

forthebody 86 

wet bums badly. , 49 

Fulgurites 35 

Fumigation for sick 
rooms 388 

Funnel (see flues) .... 64 

Fur, bad conductor . . 156 

for clothing 164 

warm 165 

Furnaces of brick .... 163 
lined with clay 168 

Furr of kettles 286 

steam-engines dan- 
'geroufl 237 

GaUeryhot '229,296 
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Qas 74, 109, 19 

differs from liquid 220 

elastic 220 

invisible 219 

jetof 79 

of candles 263 

Qaoze wire of safety- 
lamps 264 

prevents explosion 264 
Geese noisy before rain 141 
German silver tarnishes 235 

tinder 100 

Germany warmer than 

of yore 163 

Germination 288 

Ghosts 266 

Gideon's miracle 195 

Ginger-pop 248 

acid 248 

Gla.8«e8 broken by hot 

water 119 

broken if set on a 

hob 120 

covered with mist 198 
** if brought from 

cellar 199 

dulled by a hot 

hand 198 

" b)^ breath, &c 199 
mist of, soon sub- 
sides 198 

See spectacles. 

Glass a reflector 352 

soon cools . . . , 196, 198 
ground not trans- 
parent 373 

See looking-glass. 

Glauber salts 396 

Gloves, black kid .... 176 
Lisle thread... 176 
Glow-worms glisten by 

night 842 

Gluten 251 

ferments 252 

God's wisdom 153, 166, 193 
18 



195, 225, 283, 289, 328, m 
Gold never tarnishes . . 235 
Goodness {see wisrlom). 

Grape sugar 249 

Grape juice needs no 

yeast 254 

ferments 249 

makes alcohol .... 250 

'' carbonic acid 250 

Grapes never ferment . 254 

Grass promotes cold . . 152 

collects dew 194 

Grate (see stoves). 

Gravel collects no dew 194 

Gravity 386 

Gray morning, sign of a 

fine day 134 

evening, sign of wet 135 
Grease liked in cold 

weather 89 

loathed in hot .... 91 
prevents rust .... 145 
used for wheels . . 98 

Green color 37ft 

wood does not bum IQG&i 
'* does not snap 
when burned 2D&^ 
Grottoes famous for 

echoes 383^. 

Ground frost 209* 

Growth promoted by 

moonlight 203 '■ 

Guinea fowls squall be^ 

fore rain 141 

Gulls fly to sea 145> 

to land 145 > 

Gunpowder explodes 103 

Gusty weather make» a 
smoky house 70 * 

Hail 312> 

accompanied with 

thunder 313 : 

Hail, cause of 318.: 

falls in summer.. 31& 
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IBsAr, bad coBdnctor . . 1^ 
covered with dew 201 

warm 165 

Hftlls famous fcnr echoes 384 
Halo T^und the moon 136 

Handles, wooden 156 

metal 156 

Hard work promotes 

hunger 87 

water bad for wash- 
ing.. 234 

Hartshorn 253 

Hat covered with dew 200 
turned red at the 

sea-side 320 

Hawks see near and far 363 
Hay-stacks catch fire 

spontaneously 61 

Haze round the sun. . . 136 
" the moon 136 

affects sound 381 

Head aches in a crowd 239 

Itches in wet weather 142 

Hearth-rug warm .... 159 

Hearth-stone cold .... 159 

hot 160 

Heat 9 

absorbed 37 

and light 51 

affects barometer . 302 

" sound 380 

animal... 83,223,258 
applied to the bot- 
! tom of boilers.. 214 

communication of 155 
conduction of .... 155 
effects of ... 10 to 101 

evolved 37 

; "by oompres- 

: sion 100 

*' expands air 102 

^ expands water.... 334 
from beaten iron . 94 
increased by accu- 
mulation 60 



Heat, LATENT.. .«.. Ssfs^ 

of candles 75 

dunghills 258 

fire 258 

ice 38 

human bodies 84, 258 

lime 265 

radiates 182 

reflection of 179 

sensation of 9 

sources of . . 10 to 101 
Heating rooms by stoves 

1^, 183 

by steam 183 

Heavy bread 258 

Hemp, spontaneous com- 
bustion of 60 

Herds dangerous in 

storms 25 

Hedges increase wat-mth 152 

Hills larger in a fog. . . 141 

seem more distant 141 

Hoar frost 211 

not found on trees 212 
under shrubs, &c. 212 

of frozen fog 212 

on clear nights only 211 

"gi-ass 211 

" tombstones 177 

very partial 211 

HONEV-DEW 20$ 

Honey-dew, ants fond of 204 

effects of 20a 

injures plants . . 203 
Hoops used red-hot. . . 117 
Horizontal sun and 

moon 350 

Horses strike fire 97 

«iuff up air ... . 144 
uneasy in dull 

weather 141 

Hot, cloudy night op- 
pressive :. 187 

Hot water ..'. 187 

melts sugar .... 828 
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Pace 
Hot weather abates ac- 
tivity 92 

abates appetite. 91 
produces love of 

fruit .... 91 
" dislike of 
grease... 91 
Hottest place at church 

229,296 
Houses catch fire spon- 
taneously .... 59 
gather damp ... 200 
seem more dis- 
tant in a fog 141 
smoke in vallejrs 67 
Hull of ships seen last 858 

Hunger 87 to 91 

promoted by cold 90 

"day-light 88 

" rapid digestion . 90 
*< singing, speak- 
ing, work.... 88 
See appetUe, 

Hydrogen gas 40,74 

of fuel 220 

Ice 825 

contains heat .... 88 

dissolved by acids 332 

friction 99 

salt ... 382 

sun . . . 121 

grows thicker.... 829 

lighter than water 325 

Ice -bergs famous for 

echoes , . . . . 884 

Ignis fatuus .... 266, 267 

cause of 266 

Impure water purified 72 
Indian mode of striking 

fire 97 

Inflammable air ... . 40, 74 
Insects in wet weather 145 
Insensible perspiration 197 
ifiteimediate clouds... 180 



Iron affected by light- 
ning 86 

cinders.. 48 

cold 159 

contains latent heat 95 
cooled by air .... 227 
" convection 227 
" radiation. 227 
good conductor .. . 173 
heated by blows,. 94 

rust ?81 

" when most com- 
mon 231 

"prevented.:.... 282 

"scales 231 

sonorous 878 

stoves 168 

Ironing box 147 

Islands equable in tem- 
perature 291 

sul]ject to wind. . . 290 

warm 291 

Itching in wet weather 142 

Jack o'-lantem {seei^- 

nisfakms) 266 

Java {seejimgks) 241 

Jet of name through 

bars 50 

Judges vi. illustrated . 195 

Juice of lemons 898 

Jungles of Hindostan 
fatal 241 

Kettle boils ovier .... Ill 
quickly if cover- 
ed with soot . 174 
slowly if clean.. 174 
" if new... 174 
bottom should 

be sooty 185 

cold when water 

boils 186 

ftirrof. 286 

holder 157 
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Kettle-Uddean 186 

hot 186 

Kettle not full after 

boiling Ill 

runs over Ill 

through the spout 112 

sings ,. 109 

steam of 216 

top bright 185 

Kid gloves 176 

Kilkamey, echo of . . . . 386 

KindUng fires 46 

dry 49 

wet 48 

Ladies fkn 289 

Lakes which never 

freeze 881 

^Lamps 74 

Argand 82 

smoke 82 

spirt 149 

See candle. 

Lamp-glasses .' 82 

Land air cold ..; 207 

Land breeze unhealthy 290 
cools fkster than 

water 207 

Laplanders clad in skin 171 

LarvsB 146 

Latent heat 88, 96 

Laundress 147 

Laziness caused by want 

of food.. 89 
byheat.... 92 

Lead, dullness of 234 

tarnish of 284 

Leanness fh)m starva- 
tion 86 

Leaves absorb carbonic 

acid 225 

collect dew une- 
qually 192 

exhale oxygen . . . 224 
C:reen 372 



Leaves in a pond 886 

light green in spring 372 
pale in dark places 372 
promote cold .... 152 
yellow in autumn 872 

Lemons, juice of 396 

saltof 396 

Lid of ketUe bright. . . 185 

hot 186 

ratties... 112 

Light bread 267 

colors cool 175 

Light 51, 388 

absorbed 839 

composed of vari- 
ous colors 364, 370 
divided by a prism 864 

from a flint 96 

compression 100 

of candles 76 

fire 50,52 

houses, trees, &c. 338 

the sun 388 

reflected 339 

speed of 337,338 

sudden, painAil. . . 339 

Lighting fires 46 

Lightning 11 

'affects iron &, steel 35 
' electric tele- 
graph 36 

balls 13 

barks &, snaps trees 34 

clouds 12 

comes from clouds 22 
" from earth. 22 

conductors 28 

dangerous 29 

followed by rain . . 17 
" by wind ... 17 
follows dry weather, 

not wet 88 

forked 12 

ftises metal 82 

killii fl.nimii.lff 14 
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Lightning^ knocks down 
houses, chnrches, 

&c 29 

magnetic 36 

maims 14 

odor of 36 

passes down the out- 
side of a tree . . 20 
passes through the 

inside of animkls 20 
produces Ailgurites 36 

purifies air 33 

rare in winter .... 33 
returning stroke.. 23 

scorches trees 34 

sheet 13 

speed of 18 

straight 13 

summer 17 

common in .. 33 

turns heer sour . . 82 

milk sour .... 30 

• not old beer.. 32 

not porter «... 32 

two flashes 13 

See danger, safety. 

Lilac steel rusts 283 

prevented 233 
Lime and water ... 31, 37 

burned 260 

hot 260 

purifies bins 269, 888 

" sewers 259, 388 

quick or caustic . . 260 

Lime-wash for rooms 388 

Line of incidence .... 844 

of reflection 344 

Linen cool wear 171 

dried 161,296 

Linseed oil, boiling 
point of 116 

LlQ,UEF ACTION 121 

laojJiDa 109 

bad conductors. 213 
cooled .. ....\. 216 



Liquids heated 214 

not elastic 220 

Lisle thread gloves . . . 176 

London fog 208 

Long flues 107 

grass promotes cold 162 
Logs, two burn better 

than one 49 

See wood. 

Looking-glass 848 

a reflector 348 

reflects our inxage 

approaching, £c. 346 
reflects our whole 

person 846 

Lucifer matches 265 

Lunar caustic 896 

Lungs described 224 

Mackarel scales, &c. . . 180 
Mackintosh prevents 

cold 149 

Madness from starva- 
tion 86 

Magnetic effects of light- 

ning 86 

Magpies indicate wea- 
ther 145 

Malt \ 262 

Malting 261 

Man a swimmer 837 

fat, swims best . . . 837 
no bigger than a 

crow 866 

Marble 896 

March comes in like a 

lion 287 

goes out like a 

lamb 287 

good, wet 

.... 288 
flowers undesira- 
ble 288 

use of 287 

wind dry 287 
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Mares' tails 131 

Marsh gas ......;.... 261 

Marsiipium 363 

Mast of ships seen first 358 

Mayflowers 288 

Meat covers ..... 188 

Meat liked in cold wea- 
ther 90 

loathed in hot 91 

roasted by reflect- 
ors 180 

taint removed .... 388 
tainted by moon- 
light 203 

Mechanical action ... 94 

Mercury of barometer. 297 

boiling point of. 115 

bright 235 

concave 304 

convex 304 

its rise & fell, 303 to 308 

rises from heat. . . 119 

Metal collects no dew 193 

conductors 166 

feels colder than 

wood 168 

hotter than wool 167 

fused by fire 121 

by lightning 32 
good conductor. . . 166 

handles burn 166 

reflectors 180 

tea-pots 184 

Milk long in cooling . , 216 
soured by lightning 30 

Mineral springs 320 

Miners' danger . ; 264 

prevented 239 

Mirror 343 

Mist arrests sound . . . 381 

black 137 

cause of 204, 206 

differs from cloud 122 
dew. 204 
fog.. 209 



Mist increases distance. 141 

magnifies 141 

on windows 196 

seems to rise 206 

vanishes at sunrise 

205, 209 

white 137 

Mixing not combining 30 
Money hot in a pocket 158 

Monsoon 280, 282 

Months, driest 307 

wettest 307 

MooN, distance and size 356 
largest at horizon « 350 
reflected in water. 349 

seems flat 356 

larger than stars 856 
Moonlightmakes plants 

grow 203 

taints meat .. 203 

Morning breeze 290 

gray < . . . > 134 

rainbow 135 

red.... 127, 134, 369 

streaks 127 

Mortar 260 

adhesive 260 

crumbles 888 

hardens 260 

Motes in a sunbeam . . 228 
Mould hardened by sun 163 

Mountains cloudy 132 

cold 181 

collect rain 316 

femous for echoes 384 
impede respiration 229 
noiseless .... *... 383 

Muriate of soda 396 

Murky nights oppres- 
sive 187 

Musical instruments . . 879 
fiat.. 880 

glasses 379 

notes.. 379 

sounds .•••«••. 877 
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Myrrli antiseptic 



Nails for matches 95 

Naves fitted on hot... 118 

Near-sight 360, 363 

spectacles for 360 
Negative electricity ... 22 
Negroes, why hlack. . . 178 
with black eyes 179 
New kettles boil slowly 174 
Night allays hunger . . 88 

exhilarating 137 

oppressive 137 

produces cold .... 88 

rainbow at 136 

warm, when cloudy 189 

Nimbus clouds 131 

Nitrate of silver 396 

Nitric acid 30, 33, 396 

Nitrogen 42 

expired.... 224, 239 

.of air 221 

Nitrdgenized 254 

Non-transparency 373 

North wind cold .. 284 

dry 284 

North-west wind dry 286 
299 

Northern lights 135 

Notes, bass 379 

flat 380 

sharp 880 

' treble 379 

November rainy 289 

Odor of electricity .... 85 

Oil, elements of 74 

linseed, boiling point 

of 115 

of turpentine .... 115 

of vitriol 396 

Oiled paper transparent 373 
Old people &r-8ighted 361 
hold objects at a 
distance 363 



PBf» 

Old people lose tfaeur 

powOT of walking 391. 
spectacles for . . 362 
One pot wiU not boil in 

another 118 

how to make it 

boil -.. 114 

Out-of-door work pro- 
duces hunger .... 89 
Owls prowl at night . . 342 
see in the dark . . 341 
sleep sAl day .... 841 
screech before rain 141 

Oxalic acid 896 

Oxide of copper 238 

iron 231 

lead 234 

Oxide of platinum .... 235 
potassium ... 286 
silver ........ 284 

sodium 236 

Oxidised 222 

Oxygen 41 

exhaled by leaves 226 
heats the blood... 223 
in the blood ..... 288 

inhaled 222 

makes blood red . . 223 
" fuel bum.. 220 

of air 96 

its use ,* 220 

supports combus- 
tion 97, 220 

sustains life 221 

Ozone .....;.... 35 

Paleness 222 

Palmer's candles 80 

Paper bums 46 

not always 49, 57 
extinguishers .... 79 
oiled, temsparent. -878 
puckers fVom wet. 817 
used for kindling* ' 46 
Papillfld 391 
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Paris, plaster of 996 

Parlors smell of smoke 

in summer 71 

Partition walls to arrest 

sound 882 

Pea-soup fog 207 

Peacocks forebode rain 141 

Pearl divers deaf 139 

Percussion 94 

Perspiration 88, 197 

Petals 370 

Petrels 146 

Petrifaction 320 

Phosphate of lime.... 265 

Phosphoric acid 43 

Phosphorus 66 

Phosphuretted hydro- 
gen GAS 266 

Pianofortes 379 

Pickle tested 336 

Pie with a cup 116 

ftiU of juice 116 

Pigs squeak before rain 141 
Pimpernel forebodes 

rain ...^ 143 

Pin puts a candle out 81 
Pine snaps in fire .... 106 
Pipes broken by frost 327 

Piston 100 

Plants collect dew . . . 192 

forebode rain .... 143 

grow out of walls 296 

after moonlight 203 

Plaster of Paris 396 

of stoves. falls 

away 118 

Plasterers cannot work 

in frost 884 

Plate warmer .... 177, 180 

Platinum, its use 236 

never tarnishes 286 
Ploughing promotes 

warmth 161 

JPlumbago 232 

pravents nut 282 



Poison for flies 

Poker draws up fire . . 56 
hot against a stove 173 
cold on a fender 161 , 1 73 
how to carry it 

when hot 217 

Poker rusts 232 

rust of, prevented 232 

Polar current 278 

Polish, use of 163 

Polished metal tea-pots 184 

Ponds dried up 163 

Poor averse to cleanli- 
ness 92 

ventilation 93 

lazy 89 

Pores of wood 106 

Porter, froth of .. 107,248 
set before a fire 107 

Porter, stale 266 

Porter vats dan^rous 246 
Positive electricity ... 22 

Potatoes, green 872 

yellow 372 

Potash, tartrate of 396 

Potassium 286 

bums in water 286 

Primrose yellow 871 

Prisms divide light . . . 864 
Psalm cxlvii. 16, illus- 
trated 164, 811 

Pump handle cold .... 158 
water hard .... 320 
Purple steel rusts .... 288 
its rust prevent- 
ed ^ 288 

PUTRBFACTION 263 

differs from 
fermentation 263 
Putrefying bodies smell 

263, 266 

Quadrupeds swim .... 887 
Quick lime absorbs car- 
bonic acid 246, 260 
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Qnicksilyer bright.... 285 

extinguished 896 

Quiet precedes storm . . 189 

Radiation 182,228 

cools iron .... 228 
Kadiators are absorb- 
ers 182 

bad 162 

Bags catch fire sponta- 
neously 60 

especially candle- 
rags 61 

Railway steamers 201 

water for 237 

Rain 313 

affected by wind . . 816 
after lightning .... 17 

arrests sound 880 

cause of 209 

clouds bode 134 

cools air 150 

differs from dew. . 208 
dispels carb. acid . . 246 

&lls in drops 314 

fertilizing.... 288,815 
from passing clouds 315 
heaviest in summer 318 
least at the poles . . 313 
most in mountain- 

ousplaces 316 

most in winter 289, 818 
near the equator. . 318 

not salt 323 

on dust 206 

cabbages 206 

rose-leaves 206 

prognostics of ... . 134 

from animals... 140 

candles &. fires 141 

clouds 134 

flowers 143 

purifies air 815 

sudden change . . . 302 

Rainbow 864, 865 

18* 



Rainbow colors reversed 867 

Rainbows, two 36^ 

Rain drops 314 

vary in size . . 314 
Rain-water smells offen- 
sively 322 

fertilizing 824 

not salt 828 

soft 321 

stagnant 32a 

unpleasant . . . 322 

Rainy months 319 

BLare air bad for sound 388 
Rattling of kettle-lid.. 112 
Ray of light divided . . 364 
Reading aloud produ- 
ces hunger 88^ 

Red color 222,371 

rose 371 

sky 126,369' 

sun-rise 127, 134 

sun-set 184 

Reflected light 339' 

RCFLBCTION of HEAT . . 17^ 

in a mirror 345> 

in water 846> 

Reflectors 179- 

help the roast . . . 181 
keep kitchen cool 181 
not absorbers ... . 180 
should be clean and 
bright.. 177,179 
" not be painted 177 

Refraction 358 

Refrangible 126 

Resinous electricity. . . 23 

Retina 860 

Returning stroke 23 

Reverberation 383 

Rice for food 92 

Rivers flow slowest at 

sides .... 824 

fteeze unequally 

328,880 
invert oar image 346 
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Rivera neyer frozen at 

bottom 328 

not wholly frozen 329 
shallow, freeze 

fastest 330 

seem shallower than 

they are 859 

warm if frozen.... 330 

Boast apples 103 

soft 103 

chestnuts ... ^ ... . 102 
Road dark from a li^ht 

room 840 

Rocks collect no dew. . 194 
broken by frost. . . 826 

Room cooled 150, 2% 

currents of air in a 270 

ventilated 295 

vitiated by a Crowd 296 
warmed by fire . . . 240 

Rose red 871 

Rosneath, echo of. — 385 

Ross, Captain 381 

Rotation of earth 272 

Rotting leaves promote 

cold 152 

Rubbing 98 

Rubbing hands to warm 

them 98 

melts ice 99 

restores suspended 

animation 98 

wood excites fire.. 98 
^ See friction. 

Ruddiness 223 

Ruins famed for echoes 383 
Running promotes 

warmth 87 

in a storm dan- 
gerous 21 

water freezes slow- 
ly 329 

water makes. 

rough ice 83 

*' oflciUstes..... 324 



Running water pure. . . ^Bt 
Rush lights easily blown 

out 78 

extinguished by 

a pin . • 81 

Rust 231 

prevented 232 

when most trouble- 
some 232 

Rustics healthy 242 

Ruts frozen 326 

BAFfiTf IN A STORM 

abroad 25 to 27 

at a slight dis- 
tance from a tree 25 
best to be wet 27 
in a carriage .... 26 

in bed 27 

indoors 26 

Safetylamp 263 

Sailors rarely catch cold 150 
St. Bride's church de- 
stroyed by lightning 30 

Salt 396 

and snow cold . . 39, 832 
and water boils 

slowly 114 

crackles in a fire . . 49 

dissolves ice 882 

dissolved by water 822 
especially by hot 

water 323 

flavors water 322 

of lemons 396 

retards boiling.. . . 114 

smelling 396 

white 872 

water unfit for rail- 
way engines.. 237 
for washing .... 320 

Baits, Epsom 896 

Sand dazzling 874 

Saucepan boils best 
when black 166 
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Pas« 
Saaoepan boils slowly 

when new .... 186 
lids should be 
clean and bright 186 

rattle 112 

Scald cured 149 

Scripture illustrated. . . 164 
146, 811 
Scum of fermentation.. 266 
Sea-beach healthy in 

the morning « » . • 290 
not healthy at night 290 

Sea before storm 139 

gives out heat . » . . 292 
heaves and sighs.. 139 
less hot than land. 276 
not much heated 

by sun 276 

Sea-gulls 146 

Sea-vapor not salt 164 

Sea-water easier to swim 

in than fresh.., 336 
heavy and salt ... . 323 

rarely frozen 331 

" gives cold.. 160 

salt *. 323 

Sea-waves 292 

Sedentary pursuits abate 

hunger 89 

Seeing in a glass 343 

into a dark street. 362 
" light room. 840 
ourselves in a small 

mirror 345 

the same object. . . 339 
when used to dark- 
ness 340 

Sensation destroyed . . 390 
of feeling... 390 

of taste 390 

Sewers purified by lime 269 

Shade cool 171 

Shadow in water. . . 346, 346 
Shadow larger as object 
approaches a light.. 862 



Pas« 
Shallow water soon 

freezes 830 

Sheep bleat before rain 141 

in a storm. 25 

lie under hedges 140 

Sheet lightning 14 

Sheets wet 149 

outatsea. .... .. 368 

hull of, last seen 868 

Shirts of linen 172 

Shoes cold when wet . . 148 
hot when dusty. 181 

Shothot 101 

Shower cools air 160 

Shutters dangerous... 24 
Sick rooms purified. . . 388 
Sides of a pond covered 

with leaves ... 387 

Sight affected by sud- 
den light 339 

Silver meat-covers , . . 188 
should not be 
chased ... 188 

nitrate of 396 

tarnishes 234 

Simmering 109 

Simple clouds 128 

Singing of a kettle .... 110 
of boiling water 110 
produces hunger 88 
Single magpie unlucky 145 
Size dimimshed by dis- 
tance 864 

Skin, black, does not 

scorch 176 

white does 179 

itches before rain. 142 

Sky blue 126 

Sleep elongates the 

body 889 

body feels not in.. 890 

dreams in 890 

ears hear not in. . . 390 
eyes see not in..., 890 
mind wills not in.. 890 
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Sleep, tonffae tastes not 

in....? 390 

Sleet 310 

Slit chestnuts 103 

Smelling salts 396 

Smells in wet weather 143 

of bins and sewers 258 

church-yards... 266 

putrefying bodies 253 

Smoke 45,62 

ascends " 62 

curls !.. 62 

falls 144 

" down a chimney 65 

of fVesh coals ^ 46 

candles 81 

lamps diminish- 
ed by a glass. 83 
red-hot coals. .. 46 

rises 107 

useful in cooking.. 186 

Smoky chihineys 63 

See chimriey. 

Smoke jacks 108 

Smouldering wicks .... 56 

Snow 309 

arrests sound 380 

bad conductor. ... 311 

cause of. 310 

falls in winter — 310 
" not in summer 312 

likewool 164 

nourishes the earth 311 

on mountains 312 

soon melts beneath 
a hedge or wall 191 

use of 310 

warm 310 

mixed with salt, 

cold 332 

white 312 

Soap 321 

cleansing 321 

hard, soft 321 

yellow 821 



Soap-bubbles 

ascend 825 

change color . . . 368 
Soapy water bubbles.. 826 

Soda, muriate of 396 

water 247 

" add 248 

Sodium 236 

decomposes water 236 

Soft soap 821 

water for washing 321 

Solids 109 

Sonorous things 877 

Soot in summer 71 

on ceilings 71 

Sooty kettles 174 

Sound 377 

affected by frost . . 881 

heat.. 881 

arrested by mist . . 881 

wet... 380 

diminished by rarity 

of air 383 

heard best by night 381 
ih a frost 380 
inaudible on moun- 
tains 383 

velocity of 877 

Sounds musical 877 

prevented from 
passing from 
room to room 381 

Soup long cooling 215 

Sources of heat . . 9 to 15 
South wind rainy 285, 300 
warm.... 285 
South-east wind rainy 286 
Sparks from a firo .... 105 
aflint.... 196 
a horse- 
shoe ... 97 

Spectacles 861 

black 876 

blue 876 

foraged 862 
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Page 
Spectacles for near sight 360 

Spectrum 377 

Split bells 878 

Sponge swells when wet 816 
Spontaneous combus- 
tion ... 60, 84 
of forests ... 99 
Spoons become dull . . . 234 
bent in water .... 359 
discolored by eggs 264 
retard boiling ... 113 
Speaking produces hun- 
ger 88 

Spray white 371 

Sprmg, best late 288 

crumbles the earth 333 

bracing 140 

verdure 372 

Spring water cool .... 171 
" " sparkles. 249 
Springs prevent freez- 
ing 331 

Sprinkling to cool rooms 150 

Stagnant water 323 

full of worms 323 
Stale beer, &.c. {see beer) 255 
Stars, distance and size 

of 365 

invisible by day . . 342 

seem flat 356 

seen in a well .... 342 
seen on mountains 350 

twinkle 874 

Starvation 86 

produces dirtiness 93 
laziness 89 
leanness 86 
madness 86 

Steam 122 

engines burst .... 217 
invisible .... 112, 216 

of a kettle 216 

" locomotive..^. 201 
pipes should not be 
black 184 



Steam, why visible .... 112 
what becomes of it 113 
Steel affected by light- 
ning 36 

and flint make a 

spark 96 

purple 233 

rusts 233 

prevented 233 
Stick burnt makes a 

circle of light 374 

Stillness before a storm 139 
Stirring cools broth, &c. 228 
Stockings difficult to 

draw on when wet . . 317 
Stones broken by frost 326 

cold 159 

collect no dew 193 
snap in fire .... 106 
unfit for Aiel . . 49 

Storms. 189 

direction of 84 

distance of, told 16, 19 
follow dry weather 83 
places of danger in 19 
" safety in 26 
prevail in summer 

and autumn .... 83 
rare in wet weather 34 
Stoves crack when 

lighted 118 

when cooling . . 118 

of bricks. 163 

on a floor .... 54, 217 

rust 240 

most in win- 
ter 282 

not often .... 232 

prevented.... 232 

settings fall away 118 

smell of sulphur . . 59 

smoke 69 

close 62 

warm a room .... 21 ^ 
Strata of air..... 16 • 
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Stratns clouds 129 

Straw covered over brick- 
work... 834 

over trees 834 

" water-pipes 334 
Streets dark from a light 

room 340 

seem to meet at 

bottom 354 

watered 150 

Striking iron makes it 

hot 94 

Struggling in water dan- 
gerous 836 

Stucco peels off in frost 833 

Sublimates 896 

Sublimation 396 

Sudden light painful . . 839 

Sugar 249 

'anhydrous 250 

ferments 249 

at top of tea melts 

quickly 388 

flavors water 322 

left at the bottom 
of a cup melts 

slowly 887 

makes alcohol — 250 
*' carbonic acid 250 
melted by water.. 822 
" especially by 

hot water. 822 

of lead 896 

retards boiling ... 114 
stirred melts quick- 
ly..: 887 

white 872 

Sulphate of lime ..820, 396 
magnesia . 396 

soda . 896 

zinc 896 

Sulphuric acid ... 896 

and water 37 

I boils 115 

Summer, air in 293 



Summer allays hunger 91 

clothes for 175 

creates dislike of 

grease 91 

" love of fruit 92 

lightning 17 

Sun-beams full of motes 228 

Sun affects eyes 376 

dazzles 340 

dulls fire 63 

hardens earth 163 

largest at horizon. 360 
not seen in a well. 348 

radiates heat 188 

reflected in water. 349 

seems flat 36^ 

source of heat .... 10 
Sun-rise red ..... . 127, 134 

Sun-set gray 135 

red 133, 136 

yellow ....138, 184 
Super-acetate of lead.. 396 
Suspended animation 

restored 99 

Swallows fl^ low 144 

Swan dry in water .... 206 
Sweet-wort needs yeast 262 

Swimmers sink 336 

Swimming 337 

in the sea .... 335 
Syrup, boiling point of 115 

Table salt 896 

Tainted meat cured 72, 388 
in moonlight. 203 

water 72 

Tallow w.... 74 

Tarnish 288 

Tartar emetic 896 

Tartrate of potash .... 896 
Tarts have a cup inside 116 

full of juice 117 

Taste 391 

T£A cooled by blowing 228 
by stirring 228 
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Tea cooled in a saucer 153 

green, deleterions. 889 

poison for flies 389 

Tea-pot, bright metal. 184 

tarnishes 234 

black earth 184 

preferred by 

some 184 

set on a hob .... 184 

Tea-spoons tarnished . 234 

^y eff&s 254 

Telescopes 357 

Tempest 139 

affects weather 305 
Sse storms. 

Thanmatrope 374 

Thaw affects barometer 308 

cold 331 

dulls fire 65 

Theatre dangerous .... 25 
Thermometer ....119, 296 
Thick clothing un- 
healthy 154 

Thread gloves cool .... 176 

Thunder 15 

after lightning .... 17 
bolts {seefulgwrites) 17 

deep growl 16 

distance of, told. 16, 18 

followed by rain . . 17 

wind. 17 

irregular roar .... 15 

one crash 15 

rolling .4 17 

See danger, safety^ storm. 

Tigers prowl by night. 342 

see in the dark. 341 

sleep all day . . . 341 

Tiles broken by frost. . 326 

Timber charred 73 

Tin-blowers 70 

foot-warmers .... 162 
" covered with 

flannel .... 162 
plate-warmer .... 177 



Tin-blowers reflectors iS 
See reflectors. 

Tinder blown 96 

Toast and water 73 

dry, for ihe sick.. 78 
Tomb-stones frosted . . 177 

Tongs rust 232 

prevented.. 232 
Tools hot from use ... 99 

Trade winds 277, 280 

Transparency 373 

Treble 379 

Trees barked by light- 
ning 34 

collect dew .... 190 
covered with 

bass, &c 334 

look more dis- 
tant in a fog . . 141 
notfVosl^bitten: 211 
promote warmth 152 

purify air 242 

* shade of, cool . . 171 
Trefoil forebodes rain . 143 
Tube of barometer .... 297 

Tubs dried up 153 

Tumblers (see gl-asses.) 

Twilight 870 

Twinkling of stars .... 374 

Two eyes 343 

" see single . . 843 
logs bum best — 49 

Unslit chestnuts 103 

Use of barometers .... 298 

clouds 132 

smoke in cooking 186 
snow 310 

Valley chimneys smoke 67 

Vaporization 122 

Vapor* conductor .... 25 

forms fog and 
cloud 309 

ofaearriage. 197 
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Pace 

Vapor of a room .... 196 

of «ea not salt 154 

Varnish to prevent rust 232 

Vats fatal 244 

Vegetable and animal 

life dependent 226 

Vegetables absorb car- 
bonic acid . . . 225 
agreeable in sum- 
mer 91 

collect dew .... 192 

cool the blood . . 92 

exhale oxygen . 224 

Velocity of clouds .... 394 

light 838 

sound 884 

wind 394 

Vent peg 256 

Ventilation 93, 295 

• sought by the 

well-fed 93 

sought not by the 

ill-fed 93 

Verdigris 896 

Vertical sun 273 

Vinegar antiseptic .... 388 

distilled 396 

Violets blue 871 

Violins musical 378 

Vitreous electricity 11, 23 

Vitriol, oil of 396 

white 396 

Walls to arrest sound . 382 
wet in winter .... 199 
** in a thaw.... 199 
Want connected with 

dirt 92 

Warm clothes 175 

some things more 
than others. .. 155 

Warming rooms 217 

Wash-hand basin 160 

Washing, water for ... . 259 
ahouldnotbehard 320 



Water {see rain) 319 

and lime 81, 37 

and sulphuric acid 37 

ashes soften 321 

bad conductor 161, 214 

boiling.. 115,213,216 

bubbles . 111,214 

rattles 112 

runs over .... Ill 

sings 109 

cleans dirty linen . 321 

cold 160 

converted to steam 

121, 319 

cools slowly 207 

deep, freezes slowly 3.30 
dried up in summer 153 

elastic 253 

expands by frost . . 327 

by heat.. 327 

extinguishes fire 57, 106 

not always 57. 58 

flat when boiled . . 257 

fluid 319 

flowing, pure 824 

for washing. . 259, 320 
freezes at the sur- 
face 328 

fresh, sparkles . . . 260 

frozen by ether . . 334 

air-pump 835 

fuel 58 

furrof 237 

hard 820 

agreeable to drink 260 

unfit for washing 320 

how preserved cool 179 

hot 179, 187 

heated 213 

intenses fire 57 

inverts images . . . 346 

kept hot 216 

melts sugar, salt, 

&c 822 

especially hot 878 
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Pace 
"Water mixed with salt, 

boils slower .... 116 
needful for ferments 

ation 255 

not heated above 

boiling 215 

of a spring cool . . 171 

oscillates 824 

pump, agreeable . . 260 

hard 319 

purified 72 

purifies bins, &c. . 259 
reflects sun by a spot 350 
moon by a path 849 
i-unning, keeps pure 324 
salt, bad for wash- 
ings 820 

shallow. freezes 

fastest 830 

simmers 109 

slackens flame .... 58 

soft 259,821 

best for washing 321 

sparkles 249 

stagnant 323 

full of worms 323 

stale 257 

swells with boiling 110 
will not bubble 

without soap . . . 324 
warm when frozen 330 
Water-pipes broken bv 

frost 327 

covered with litter 334 
Watering plants by the 

saucer 387 

streets 160 

Waves 292 

Wax 74 

candles need no 

snuffing 80 

Weather affected by 

tempests 305 

afiected by weight 
of air 297 



Weather, prognostics of 180 
told by barometer 29# 

rules for 299 

Weather-toys 817 

Well, stars seen in ... • 848 
sun not seen in . . . 848 

West winds 201,286 

Wet clothes give cold 148 

safe 27 

feet dangerous . . . 148 

fineercold 148 

indications of 184 to 186 

kindling 48 

niffht oppressive.. 187 

slieets , 149 

summer, coH win- 
ter 151 

weather offensive 

187, 140 

Wettest months 807 

Wheels catch fire 98 

greased..' 98 

kept cool by water 168 
Wheel-ruts frozen .... 826 

Wheelwright 117 

White 871 

blisters 178 

body linen 174 

crust on clothes.. 154 
dresses for summer 176 
" not fit for win- 
ter 176 

mist 188 

vitriol 396 

Wicks, cotton, need 

snuffing 80 

gas of '. .. 262 

have a nob when 

long 80 

not upright when 

long 80 

Palmer's, need no 

snuffing 80 

rekindled quickly 55, 68 
. smoke 81 
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See candles. 
Will o' the wisp, {see 

ignis fatutts) 266 

Wind 268,296 

affects barometer. 299 

" clouds 125,127 
after ligfhtning .... 17 
lUtered by clouds.. 276 

" by electricity 127 

" by seas 275 

always blows 272 

brings clouds 132 

" dry 286 

" rain 286 

cau9eof 268,272 

changes the shape 

of clouds.. 123,125 

cold 171,184 

dispels clouds 125» 133 

" fog 210 

draws up fire 55 

dries linen ... 295 

effects on air 268 

feels hot sometimes 169 
increases clouds.. 125 
makes barometer 

fell 299 

makes chimneys 

smoke 67, 108 

near mountains. .. 276 
of a morning. .... 289 

of an evening 290 

prevents dew 191 

velocity of 293 

regular 277 

See monsoon f norths south, 
west, 4?c., trade-winds, 

Winding passages femed' 

for echoes 884 

Windows blazing with 

the sun 847 

not at noon 347 

covered with fhwt 197 

" mist 196 

carriafOidiiil..., 197 



Windows rattle 386 

Wine-glasses {see glasses. ) 
Wine, fermentation of 249 
made without yeast 254 

Winter clothing . . 164 

Winters less severe . '. . 167 

Winter cold 151 

promotes hunger 90 

Wisdom op God 153, 166» 

193, 195, 225, 2a3, 289, 

328, 333 

Wood ashes soften water 322 

bums 46 

" spontaneously 59 

charred 72 

hot at one end, cold 

at the other 55 

ignited by friction 97 

kindling 47 

dry 49 

wet .... 49 
made incombustible 49 
sends forth sparks 105 

snaps 103 

two logs bum best 49 

will not melt 122 

Wooden handles ...... 156 

Woodpeckers cry before 

rain 141 

Wool bad conductor •. 166 
collects no dew . . 198 

warm 165,811 

Woollen clothing 164 

kettle holders.. 167 
Work produces hunger 87 

Yeast 216 

makes light bread 276 
not used in wine 246 
used in brewing.. 216 
Yellow flame gives l^st 

light,,,....,.... ,61 

soiip .,, p ...... . 93A. 

8ttn-iBet0if;nofwet 183 

Zig-Eftg lightning 18 
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